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PEOCifeBDilfaS 

OF 

THE RO'UL SOCIETY. 

May 1, 1890. 

Sir G*. GABRIEL STOKES, Bart,, President, in tlie Chair. 

The Presents received were laid on the table, and thanks ordered 
for them. 

In pursuance o£ the Statutes the names of the Candidates recom¬ 
mended for election into the Society were read from the Chair as 
follows 

Baker, Sir Benjamin, M.Tnst.C.E. Perkin, Professor William Henry, 
Bosanquet, Robert Holford Mac- jun., P.O.S. 

dowall, M.A. Pickering, Professor Spencer 

Burbury, Samuel Hawkesley, M.A. Umfreville, M.A. 

Gardiner, Walter, M.A. Roberts, Isaac, P.R.A.S. 

Kerr, John, LL.D. Sharp, David, M.B. 

Lea, Arthur Sheridan, D.Sc. Teall, J. J. Harris, M.A. 
MacMahon, Percy Alexander, Thorne, Richard Thorne, M.D. 

Major R,A. ^ Weldon, Walter Prank Raphael, 

Herman, Rev. Alfred Merle, M.A. M.A, 

The following Papers were read:— 

I. Magnetic Properties of Alloys of Nickel and Iron.'' By 
J. Hofkinson, D.Sc., F.R.S. Received April 17, 1890. 

Bight different alloys have been examined, distinguished here by the 
letters 0f the alphabet. All the samples were given to me by 
Mr. Riley, of the Steel Company of Scotland, who also furnished me 
with the analysis given with the account of the experiments with 
each sarhple. 

The ipethods of experiment were the same as were detailed in 
my papqr on “ Magnetic and other Physical Properties of Iron at a 
High Texrxperature,” The dimensions of the samples were also the 
same. ter. this reason it is unnecessary to recapitulate the methods 
adopted/ of the several results, 

dealing pith eabh sample in subcesirion. 
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Dr. J. Hopkinson. 

A. The following is tke analysis of this sample :— 

Fe. Ni. 0. Mn. S. P. 

97*96 0*97 0*42 0*58 0*03 0*04 per cent. 

In this case a magnetisation curve is all that I have obtained free 
from doubt; the sample was heated and its magnetisation deter¬ 
mined at various temperatures for a force of 0*50, but the higher 
temperatures must be taken as a shade doubtful, as the secondary 
broke down before cooling, and I cannot be sure whether or not the 
resistance* of the secondary may have changed. 

Table I gives the results at the ordinary temperature for the 
material before heating; these are plotted in Curve 1 together with 
the curve for wrought iron, for comparison. 


Table I. 


Magnetising 

force. 

Induction. 

0-06 

. 11 

0-12 

. 29 

. 0-26 

. 68 

0-53 ' 

. 122 

i-m 

___ 308 

2-14 

. 995 

4-7 

. 4,560 

8-8 

...... 9,1.51 

16-8 

. 12,876 

38-9 

. 15,651 

270-0 : 



CxmvE 1. 



10 


^0 


40 
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The only noteworthy features are that the coerciye force is ob¬ 
viously somewhat oousiderable, and that the maximum induction is 
•great—greater than that .of .the imoi^;|tearly iron. 

In Curve 2; are sho#n tte. results ^of ih-ductidn in terms of the 
temperature for a; force of 0*S0. 


OUBVE %, 

ri per KicheL l!!4gaetieiiig^:i^PTee,.O*50. 



B. The followingB the>haly^s 0f ‘the sample;— 


Te. m. 0. Mn. S. P. Si. 

94*799 4*7 0*22 0*23 0*014 0*037 trace per cent. 

We have here results of induction in terms of temperature for a 
magnetising force of 0*12, shown in Curve 3, and for comparison 


OuBvn 3. 

4*7 per cent. Nioheh Magnetisiiig Porce, 0*12. 



therewith the results of rate of heating and cooling in Curves 4 and 
f) respectively. The experiment with rising temperature was made 
by‘simply observing with a watch the hour at which the temperature 
attained Bt^ccessive values whilst the piece was in the furnace; the 
cooling experiments were made in exactly the way described in 
^ Phil. Trans./Ai 1889, p. 463 ; in the experiment with rising tempera¬ 
ture, however (Curve 4), the ordinates are the actual’temperatures, not 

B 2 
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CUBTlEi 4, 






'■ ' V ^ 




’ jg} V 


I 

r 









}J^pirfyv,XYli-;y'-p 

'i' • ‘ ' ' ”-'M If'S.\ 'i ''' ■'" 

iite lagariiliiQS of\|lb4^;’^3E^s of-'■ 

Otcrre 5. The moi^t f ^, 

l^ two eriticarl ob© at Whi0^^^it''<?©aa©s 

MsaMe with increase of tefaperatare, the other, and low^i at>#IfefeliiSi 
again becomes magnetisable as the temperatures Ml, ahd,| that these 
tem^eratnres differ by about lhO“ 0, Between these tempefatiires, 
then, the material can exist in either of two states—a magnetisable 
and a* 'nd'n-magnetisable. Note, further, that the curve for de- 
ermsing temperature returns into that for increasing temperature, 
and doe© not attain to the high t-alue reached when the tempera¬ 
ture is increasing. From Curve 4 we see that there is absorption 
of heat about\750° 0., and not before; .and from Curve 5 that heat 
is given off at 6S2® G., and again at a lower temperature. Com¬ 
paring these temperatures with Curve 3, it is apparent that the 
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OlTBVB 6 * 



l I.' .)0 I.' ‘5 ^ It . , , 

.'/'V. V ’I 

^ibsorption and Hberation of keat occur at t& aaiuei' teiliperature as 
tke loss and return of tbe oapaolty &r 3;nagnetisiicL, From Curve 5 
also we infer that tlie latent kOat Uberaied m ,ocK>png is about 
160 times tie Keat liberated wken tke teniperaturo bf tbe material 
falls 1® 0. Oonoerning tbe latent beat absorbed in beating, nothing 
ban be inferred from Curve 4, excepting tbe temperature at wbicb ir 
is absorbed, 

C. This alloy is very similar to tke last; its analysis is— 

Fe. ‘ Wn 0, Mn. S. P. 

94'39 47 0*27 0*67 0*03 0*04 per cent. 

In Table ll are given tbe results of observations of induction in 
terms of magnetising force at tke ordinary temperature of tbe room; 
and in curve 6 these are plotted together with the curve for wrought 
iron. 
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Table II. 


Magneftidmg; 

Icifoe. 

Indudtion. 

0-06 ...... 

14 

0*12 . 

29 

0-25 ...... 

60 

0-62 . 

127 

lr.0& ...... 

294 

2-10 --- 

760 

" 4^6 

3,068 

,';8-7 

8,788 





26&S;, : 

'^i;^7 





lU 


r-O 


The material appears to be capable of oonsiderably higher mag- 
netisation than wrought iron. In Curve 7 is shown the relation of 
indnction and temperature for two forces, 26\5 and 0*5, the results 
being* obtained on two difPerent days, to the same scale of abscissfie 
but different scales of ordinates. These curves show the same 
features as the alloy B, but at a rather lower temperature. 

D. This sample contains 22 per cent, of nickel. It was nob 
thoroughly tested, as the supply of COg which happened to be avail¬ 
able was insufficient. Its magnetic properties, however, were similar 
to the next sample. 
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E. The analysis of this sample^ was— 

Fe. m. 0. Mn. S. P. Si. 

74-31 24-5 0-27 0*85 0*01 0*04 0-02 percent. 

As the material was given to me it was .non-magnetisahle at ordi¬ 
nary temperature; that is to say, the permeability was small, about 
T4, and the induction was precisely proportional tp the magnetising 
force. The ting on being heated remained non-magnetisable np to 
fOO® 0. or 800® 0. Ablochbf the material did not recalesoe on being 
heated to a high temperature and being allowed to cool. 

On being placed in a freezing mixjnre, the material became mag¬ 
netic at a temperature a little below freezing point. 

The material was next cooled to a temperature of about —51® 0. 
by means of solid carbonic acid. After the temperature had returned 
to 13® 0. the curve of magnetisation was ascertained as shown in 
@urve 8; from this it will be seen that the ting of the material which 
ireis previously non-magnetisable at 13® 0. is now decidedly mag-^ 
netisable at the same temperature. On beating the material, it re-^ 
mjained magnetisable until it reached a temperature of 580® 0, At 
this temperature it became non-magnetisable, and, on cooling, re-, 
mained non-magnetisable at the ordinary temperature of the room. 
Curve 9 shows the induction at various temperatures for a magnetis-n 

^ The results with this saiuple have already been presented to the I^oyal Society 
(* Proceedings,’ rol. 47, pp. 23 and 188), but are repeated now for completeness. 
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OXTBYB 8 . 

25 per, cent. DSTiclcel. 



Otjbtb 9* 

Magnetwing roree, 6*^r. 25 per cent. NioW. 



lOu ji)'' -'tO,) ij/.j . , ,f 

' Ottbtb 10. 

Magnetismg I'orce, 04. 
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ing fbrce 6*?; whilst Curye 10 shows the induction in terms of the 
temperature to a diiffierent scale for a force of 64. These curves show 
that, through a range of temperature from somewhat below freezing 
to 680°'C., this material exists in two states, either being quite stable, 
the one being non-magnetisable, the other magnetisable. It changes 
frb'^ non-magnetisable to magnetisable if the temperature be I’educed 
^ little below freezing; the magnetisable state of the material does 
n#l' change from magnetisable to non-magnetisable until the tempera- 
^p^e is raised to 680° 0. 

The same kind of thing can be seen in a much less degree with 
ordinary steel. Over a small range this can exist in two states; but 
in changing its state from non-magnetisable to magnetisable a con¬ 
siderable amount of heat is liberated, which causes rise of tempera¬ 
ture in the steel. It is observed in samples B and C of nickel steel, 
as we have just seen, but at a higher temperature. 

As might be expected, the other physical properties of this mate¬ 
rial change with its magnetic properties. Mr. Biley has kindly sup¬ 
plied me with wirei 

The wire as sent to me was magnetisable as tested by means of a 
magnet in the ordinary way. On heating it to a dull redness it 
became non-magnetisable, whether it was cooled slowly or exceedingly 
rapidly, by plunging it into cold water. A quantity of the wire was 
brought into the non-magnetisable state by heating it and allowing it 
to cool. The electric resistance of a portion of this wire, about 6 
metres in length, was ascertained in terms of the temperature j it was 
first of all tried at the ordinary temperature, and then at tempera¬ 
tures up to 840° 0. The specific resistances at these temperatures 
are indicated in Curve II by the numbers I,.2, 3. The wire was then 
cooled by means of solid carbonic acid. The supposed course of change 
of resistance is indicated by the dotted line on the curve j the aotfial 


OtJBVB 11. 



- lOO ' 0 10 ■ , V 
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observations of resistance, however, are indicated by the crosses in 
the neighbourhood of the letter A on the curve. The wire was then 
allowed to return to the temperature of the room, and was subse¬ 
quently heated, the actual observations being shown by crosses on 
the lower branches of the curve, the heating was continued to a 
temperature of 680° 0., and the metal was then allowed to cool, the 
actual observations being still shown by crosses. From this curve it 
will be seen that in the two states of the metal (magnetisable and 
non-magnetisable) the resistances at ordinary temperatures are quite 
different The specific resistance in the magnetisable condition is 
about €'000053; in the non-magnetisable condition it is about 
0*000072. The curve of resistance in terms of the temperature of tho 
material in the magnetisable condition has a close resemblance to that 
of soft iron, excepting that the ooej06loient of variation is much 
smaller, as, indeed, one would expect in the case of an alloy ; at 20° 0.. 
the coefficient is about 0*00132 ; just below 600° 0. it is about 0 0040^ 
and above 600® 0. it has fallen to a value less than that which it had 
at 20® C. The change in electrical resistance effected by cooling is* 
almost as remarkable as the change in the magnetic properties. 

Saanples of th^ ,wire were next tested in Kennedy’s 

were 

state. 

the,-hardwe^ Qf these two' samples; 
'^i|-m^gnetisable was extremely soft> and the magnetisable 
hard. C)f, the five non-magnetisable samples tifee Mgh^ 
h0fki% ,wae ^0*52 tons, per squai^e inehv the lo'ivest 48*75 ; the 

gi^te^ exl^^oh: was ;33 pet cent., the lowest^ SO pat oent. Of the 
magnetisable ^mples,^ the highest breaking stress wa^ |8'J2 tons per 
square inch, the lowest 85*76; the highest extensicm.Was the 
lowest 6*70. The broken fragments, both of the wire whidh h^d 
originally been magnetisable and that which had been non-maguetis- 
able, were now found.tQ,be magnetisablq., If.thiumat^tiiil.^p^^ 
IliodUoed at a lower cost, these laoiB would have a iufcpbti^ht 
h^tlhg. As a mild steel, the non-magnetisable material Is yfey 
having so high a breaking stress for So great, an elongation 4t 
rupiura. Suppose it were used for any purpose for which a mild 
steel is suitable on account of this considerable elongation at rupture, 
if exposed to a sharp frost its properties would be completely changed 
—^it would become essentially a hard steel, and it would remain a 
hard steel until it had actually been heated to a temperature of 
600" 0. , 

F. This sample contains 30 per cent, of nickel. Curve 12 shows 
the relation of induction to magnetising force at the ordinary tem^. 
perature, and Curve 13 the relation of induction and temperature for 
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CUBVB 12. 

30 per cent. Kicjkel. 


I 



Force 


OiTE-m 18*. 

: ^ 1 




& force of 0-65. The remarkable feature here is the low temperature- 
at which the change between magnetisable and non-^gnetisable 
eeensa, whether the temperature is rising or falling. OompM^ rt- 
-,.ith tte last sample, we see that the character of the material witk 
regard to magnetism is entirely changed. 

G-. The analysis of this sample is— 


Se. Ni. 0. Mn. 

66-19 33-0 0-28 0-50 


S. r. 

0-01 0-02 per cent. 
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OtTEVB 14 


33 per cent Nictol 



la Carve 14 is givea the relation of induction and force at the ordi*- 
nary temperature, and in Curves It? and 16 the relation of induction 
and temperature for forces 1*0 and 30'3. The remai'kable feature ot 
this material is the complete difEerence from the last but one, and the 
low temperature of change. There is but very little difPerence 
between the temperatures of change when heated and when cooled. 
H. The analysis of this sample, as furnished by Mr. Biley, is— 

Fe. Wi. C. Mn. S. P. 

26*50 73*0 0*18 0*30 0*01 0*01 percent. 

In Curve 17 is given the relation of induction and force at the ordi- 
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OUEVE 16. 

Magnetisiag Force, 30*3. 



Ottrte 17. 

73 per cent. Nickel. 



nary temperature. It is curious to remark tkat tke induction for 
considerable forces is greater than in the steel with 33 per cent, of 
nickel, and that it is greater than for a mechanical mixture of iron 
and. nickel in the proportions of the analysis, however the particles 
might be arranged in relation to each other. 

The critical temperature of the material is 600® 0. \ it shows no 
material difference between the critical temperatures for increasing 
and diminishing temperatures. 
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II. Photographic Determination of the Time-relations of the 
Changes which take place in Muscle during the Period of 
so-called ‘ Latent Stimulation/ By J. BtJEDON Sandeesont, 
F.R.S. Received April 17,1890. 


It is now forty years since Helmholtz published his fundamental 
experiments • on the time-relations of muscular contractions. The 
purpose of this investigation was to ascertain “the periods and 
stages in which the energy of muscle rises and Sinks after instan¬ 
taneous stimulation; ” the word energy being defined-as the “ mecha¬ 
nical expression of activity ;” and one of the most important con¬ 
clusions of the author was that, in the muscles investigated by him, 
contraction does not begin until nearly one hundredth of a second 
after excitation. This interval has, by subsequent writers, been 
oalled the period of “ latent stimulation.” 

Helmholtz subsequently (1854) showed, by experiments of surpass¬ 
ing ingenuity, that during this period an electrical change of very 
short duration occurs, which culminates at about one two-hundredth 


(rf a seo(H^ 

'whiek' denotes 'that the muscular' stof^e ’ bccd^uei- negative 
:,;^l^e:t^d 0 n |,bouVfhree''thoumndi^^ a-second 

'.il^Ss J immediately '-followedby ' a;- change,-'of o;^posifo 
^rnikamates -afc'.about.teh'-theusandths.' ’ -■ ' ’ i, ■ 1 

The statement enunciated above may he foken to r^^^^ 

- present state of knowledge on the subject oiihe "“ negative V^mtfoiu'” 
or electrical response of muscle to an instantaneous stimulus ; but, as 


regards the mechanical response, a great effort has been made of late 
years to obtain a more accurate measurement of the period of latent 
stimulation by methods founded on those originally employed by 
Helmholtz, with the result that it has been shortened very oonsider- 
shly. Two observers, viz., Professor Tigerstedt, of Stockholm, and 
more recently Professor Teo, P.R.S., have, by improved methods, 
obtained records from which they conclude that the duration of the 
period is O’OOS". Finally, Professor Regecsky, of Pesth, has, by 
avoiding certain sources of error, obtained curves which lead him to 


-conclude that the mechanical response may begin “ at the moment of 
direct excitation”—in other words, that the period of latent stimula¬ 
tion does not exist. 
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I have now to submit to you incontrovertible evidence which the 
photographic method alfords, not only that the estimate of the dura¬ 
tion of the period of latent stimulation accepted as true ever since 
Helmholtz’s early investigations is very much too long; but that the 
final conclusion arrived at by Dr. Teo a year ago, that it has a real 
duration of five thousandths of a second, is erroneous. I am further 
in a position to demonstrate what are the time-relations of the 
electrical change to the muscular contraction witli which it is 
associated. 

The method of observation consists in projecting the movement to 
be recorded, whether of the muscle or that of any instrument which 
serves as an index of change, on a vertical slit on which the vibrations 
of a tuning-fork and the motion of a signal are also shadowed. Im¬ 
mediately behind the slit is a photographic plate, which is carried by 
an equilibrated pendulum. The approximately uniform rate of motion 
of the sensitive surface which receives the light-written record is 
about one meter per second, but is determined in each experiment by 
reference to the rate of vibration of a tuning-fork. 

The plan adopted for obtaining a photographic record of the earliest 
trace of change of form, was based on the by no means new considera¬ 
tion that the effect of an instantaneous stimulus is in the first instance 
limited to the part of the structure to which it is applied, and, con¬ 
sequently, may fail to produce any measurable change of form of the 
whole muscle; the parts which first contract doing so at the expense 
of the as yet relaxed parts which are connected with them. This 
consideration is applicable not only to the case in which the muscle 
is excited directly, but also to that in which it is excited through its 
nerv-e; for in the latter case, each fibre is first stimulated at the spot 
at which it receives its nerve. 

In the experiments on direct excitation, the muscles used were the 
gastrocnemius and sartorius of the frog. In the former the movement 
of contraction was communicated to a light index, which was sup¬ 
ported by a fine spring. One end of the index rested on the muscle, 
while the other occupied the front focus of a projection apparatus, the 
slit being in the other focus. When the sartorius was used the 
surface of the muscle was itself brought for a moment into the focus, 
at the seat of excitation. The unavoidable exposure of the structure 
to the electiio light, which this method involved, lasted scarcely more 
than a second. In successful experiments, the interval between 
■excitation and the beginning of the contraction was thousandths 
(= .^) of a second. 

In a photographic record of a succession of events no time-error is 
possible, provided that the rate of movement of the recording surface 
remains unaltered, for, if I may so express myself, an event cannot 
be seen photographically before it happens. It is therefore certain 
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that, in direct excitation, contraction begins not more than one 
four-hundredth of a second after an instantaneous stimulus. 

For measurement of the delay in indirect excitation, the gastro¬ 
cnemius (with the index) only was used, the exciting electrodes 
being applied either at 12 or at 37 mm. from the muscle. The results 
wei^e not so constant. Corrected for loss of time by propagation 
along the nerve, the intervals between excitation and beginning con¬ 
traction varied from 0*0025" to 0*0035". 

In the experiments for determining the time after excitation at 
which the electrical response begins and culminates, the, capillary 
electrometer was used, as in my experiments on the heart and on the 
leaf of Tioncea, as a signal, but with much improved apparatus for 
recording. 

In the gastrocnemius of the frog, the electrical response to an 
instantaneous stimulus is indicated by a sudden movement of the 
mercurial column of so short a duration, that to most persons it is 
invisible. Its photographic expression is that of a spike projecting 
from the dark border of the part of the plate which is unprotected by 
the mercurial column. The electrical interpretation of this spike is 
that between the contacts two electrical changes of opposite sign and 
not more;than one two-hundredth of a second, in duration have imme¬ 
diately followed each pt^ moTpe etplioity, th^t the epot excited 
beoapae^ ipr about 6*0006", first negative^ theu for a similar period 
to-the other Contact (see last paragraph). 

L^fere usiug the electrometer as a signal it was necessary to ascer¬ 
tain th|at/ under the conditions of the experiinent, there was no delay 
in the circuit, either due to sluggishness of the instrument or to any 
other cause, It was proved photographically that there is no 
measurable delay. 

In the muscle (the leading off contacts being oh the hohillos 
tendon and mnscular surface respectively, and the nerve excited at a 
distance of 12 mm.) the electrical response begins at 0*004", and 
culminates at about 0*012" after excitation. Deducting the delay 
due to transmission along the nerve, we have, as the time between 
excitation and response, 0*0035". It is thus seen that the electrical 
response, instead of preceding the mechanical, is contemporary with 
it. All those theories therefore of the excitatory process in muscle 
which rest on the supposed fact that electrical disturbance is a oon- 
cqmitant of the period of latent stimulation, fall to the ground. The 
electrical change may, so far as concerns the time at which it occurs 
in muscle, be immediately connected with that sudden change of the 
elastic properties of muscle of which the contraction is the sign. 

The fact that there is a measurable interval of time between exci- 
tation and electrical response, renders it improbable that Regeosky 
is right in supposing that the contraction begins at the moment of 
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stimulatioB. It cat. scarcely be itnagitted that the electrical chatige 
is later than the mechanical. 


The statement ahoTO ae to the interpretation of the photographic 
reltd of the electrical response is founded on 

mStal facts. When a current of very short duration is led though 
the electrometer, of such strength as to produce a movement of the 
mercurial column comparable with those observed m the experiments 
above described, the photograpHc record 

column during the passage of the current executes a rapid movement 
VOL. XLTIII. 
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in the same direbtion, and that at the cessation of the current thei 
nieniscns does not return, or returns very slowly, desoribiug on the * 
photographic plate a curve, of which the characters will he discussed ’ 
in a paper to be shortly submitted to the Society by Mr. Burch. It is^ 
sufficient to say that the reason why the meniscus returns so slowly is 
that the potential of the charge which it has received is proportional 
to the displacement; in the case of a current of veryshoi't duration it 
is inconsiderable as compared with the difference of potential of the^ 
terminals at the moment that the current is broken. 

When, instead of a single current in one direction (one two-hnn- 
dredth second), two currents of the same duration follow each other in 
opposite direction, the record resembles in its essential characters that 
of the excitatory electrical response in muscle.. It is seen that the 
mercurial column, which is displaced during the brief duration of the^ 
first current, returns abruptly to the previous position during the: 
second. These phenomena I leave also to be discussed subsequently, 
noting only that the difference of potential at the terminals of the 
electrometer which is required to bring back the column to its original* 
position is the same as that by which it was displaced, and that suck 
an effect as has been described in muscle could not be produced by the^ 
becoming negative of the middle of each muscular fibre, unless that 
ehaaig^/tootker.^m oppo^rite direction at 
or'hy* a similaiF'' change -at the other, electrode.- ' 
'^dnsidi^i^ that the known velocity of propagation of the exdlta-i 
to5^ process m muscle of the frog is al^ut 3 meters, and that the 
between the contacts is about I’6 cm., we should expect that 
if' the two currents through the electrometer, the existence of which 
the photographic record so distinctly indicates, were dne to propaga¬ 
tion, they should follow each other at an interval of one two-hun¬ 
dredth of a second. The actual difference of time between the two 
electrical effects lies fairly within this estimate. 


PostsoH^t, Ajpril 28iJi ,—Since sending this communication, I have 
become aware of a research published very recently by Professor 
Bernstein XJeher den mit einer Mnskelzucknng verbundenen Sohall 
nnd das Yerhaltniss desselhen zur negativen Schwankung.”—XJnter- 
Buch. aus dem Physiol. Institut der Universitat Halle,’ 1890), which 
relates closely to the subject of this paper. The facts observed, 
though of a different order from those recorded above, afford a 
remarkable confirmation of them. They are as follows:—When a 
muscle (gastrbcnemins of a rabbit) is excited by a single induction 
current applied to its nerves, its tendon and muscular surfaces 
respectively being connected with a telephone, the electrical response 
can he heard telephonically. This Bernstein calls the electrical thud 
(electrischer Stoss), A thud of a similar character may he heard by 
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■aTiscTiltation. If teleplioiie and stetlioscope are applied to tlie same 
•ear, one sound only is heard. Exner has shown that any two sounds 
which are as much as of a second apart are audible as distinct 
sounds. Bernstein therefore concludes that, inasmuch as contraction 
begins nearly - 5 ^ second after excitation, and the electrical change 
culminates at second, the mechanical thud must, as well as the 
electrical, be molecular, and concludes that the two sounds are coin- 
oident. In the second of these conclusions, Professor Bernstein 
appears to be justified, but not in the first. It having been shown by 
the photographic records that the two responses, the electrical and 
the mechanical, are nearly coincident, it is no longer needful to seek 
an explanation of the fact that the electrical and mechanical sounds 
are indistinguishable. 


III. “ The Development of the Sympathetic Nervons System in 
Mammals.” By A. M. Paterson, M.D. Communicated by 
A. Milnes Marshall, F.R.S. Received April 18,1890. 

(Abstract.) 

The following investigations were undertaken with the object of 
determining the origin of the Mammalian sympathetic system, and of 
clearing up thereby certain points in its morphology. 

Two opposite views exist at present among embryologists regarding 
its development. In both views the segmental formation of the sym¬ 
pathetic cord is upheld. According to the older view (Remak, &o.), 
it is mesodermal, and is formed in situ. According to more recent 
views, it is ectodermal. Balfour and Onodi, who have maintained the 
latter view, differ, however, as to the fundamental origin of the 
sympathetic system,—Balfour regarding each sympathetic ganglion 
as an ofishoot from the spinal nerve, while Onodi considers it a direct 
proliferation from the spinal ganglion. 

Por the present research mammalian embryos were exclusively em¬ 
ployed—^rat, mouse, rabbit, and human embryos. The stage in 
development was first considered in which the sympathetic system 
was plainly visible, and from this point the earlier and later stages in 
the process were traced. It was only possible to determine approxi¬ 
mately the ages of the embryos employed, as the time of impregnation 
varies in different instances, and two embryos from the same uterus 
often differ in size and extent of development. 

The first event to occur is the formation of the main sympathetic 
cord. In very young embryos rabbit, 7 days, axial length 

5 mm.), in which the spinal nerves are completely formed and the 
spinal ganglia clear and distinct, there is no trace of the sympathetic 

o 2 
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ganglia or the connecting branches with the spinal nerves. The cord 
is first seen in transverse and sagittal sections of mouse and rat 
embryos of about 8 days. It arises on either side as a solid, 
uniform, unsegmented rod of fusiform cells, imbedded in the meso- 
blast surrounding the aorta, and lies in the interval between the latter 
and the adjacent veins. Slightly thicker anteriorly than posteriorly, 
it ends abruptly in front at the level of the first vertebral segment; 
behind it becomes indistinct posteriorly to the suprarenal body, to 
which it sends a considerable cellular bundle, and, tapering off, dis¬ 
appears at the level of the hind limbs. This cellular column is formed 
by the differentiation of the mesoblastic cells in situ; it is not con- 
nected with the spinal nerves, and it is unsegmented. 

The next step consists in the junction of the spinal nerves on either 
side with these columns of cells. This is effected by the gradual 
growth of the inferior primary division of the nerve and its final 
division at the junction of the body wall (somato-pleure) and 
splanchnic area (splanchno-pleure) into somatic and splanchnic; 
branches (rat, mouse, 8-9 days). The former passes on to be distri¬ 
buted in the body wall. The latter can be followed in succeeding 
stages in a ventral and mesial direction, until at last it meets and 
joins the cellular sympathetic cord (mouse, 11 days, rat, 12 days). 

The origin of this splanchtdc branch is frotn both roots of the 
spihal nerve, of which the ventral root contributes the greater number 
of fibres. At its peripheral end it terminates in one of two ways. 
At the anterior part of the thorax the fibres seem to end entirely in 
the sympathetic Cordj that is, they have not been traced beyond it. 
In the posterior thoracic and in the lumbar regions the splanchnic 
branch, on reaching the sympathetic cord, divides into two parts, of 
which one joins the cord, the other passes over it. In both cases the 
fibres which join the cord are directly connected with the component 
cells. 

In certain regions no such connexions can be made out. Behind 
the kidney and the bifurcation of the aorta (i.e.. behind the loins) the 
splanchnic branches cease. In front of the fore limbs (i.e., in the 
. neck) the splanchnic branches do not join the sympathetic system. 
In comparatively advanced embryos, distinct nerves, morphologically 
similar to the splanchuics, course inwards round the vertebral artery 
to the tissues surrounding the growing vertebras, but at the same 
time occupying a position dorsal to the sympathetic cord, and alto¬ 
gether unconnected with it. 

These splanchnic branches correspond to the white rami communU 
cemtes. 

The formation of the ganglia on the main sympathetic cord occurs 
subsequently, and is subordinate to the connexions with it of the 
splanchnic branches of the spinal nerves. Tip to the time of the for- 
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mation of cartilaginous vertebral centra, tbe.re is no constriction of 
,tbe main cord (mouse, 17—18 days). Gangliation begins at and after 
i;Ms date, and is due, in the first place, and principally, to tbe junc¬ 
tion of tbe splanchnic branches; this causes the accession of a large 
number of nerve-fibres at the point of entrance, and the consequent 
persistence of the component cells (which are joined by these nerves), 
•as ganglion cells. Gangliation is caused, secondly, and to a less 
•extent, by the anatomical relations of the sympathetic cord to the 
bony segments, vessels, &o., which are developed near it, and which, by 
their growth, cause indentation or constriction of the cord at certain 
points. 

This view is supported by the evidence obtained from the dissec¬ 
tion of human embryos of different ages (3rd, 4th, 6th, and 6th months), 
where the cord has the form of a band or strip, constricted irregularly 
^t considerable intervals, rather than of a regularly nodulated chain ; 
and by the evidence derived from the normal adult structure, where 
the ‘‘ segmentation ” of the sympathetic cord is apparent rather than 
real. 

The cervical portion of the embryonic sympathetic cord is at first 
undifferentiated from the main column. Growing with the growth of 
the neck, it separates at the origin of the vertebral artery, into two 
unequal parts. Tbe smaller part forms a fibro-cellular cord, which 
accompanies that artery, and forms the vertebral plexus. The other, 
or main, portion accompanies the carotid vessels. Growing rapidly, 
it becomes constricted off from the main sympathetic cord by the 
formation of a gradually elongating fibro-cellular commissure, and 
gives rise to the ‘‘ superior cervical ganglion.’’ This lies alongside the 
internal carotid artery, and gives off anteriorly a fibro-cellular bundle, 
which accompanies and is finally lost upon that vessel, as the carotid 
plexus. When the middle cervical ganglion is present, it may be 
looked upon as representing a mass of the original cells of the 
sympathetic cord, which have been included in the growth of the 
-^commissure connecting the main cord to the superior ganglion. These 
parts may be regarded as belonging to the collateral distribution of 
the sympathetic system, because (1) they are outgrowths from the 
main cord, and (2) they receive no splanchnic branches directly from 
the spinal nerves. 

The caudal termination of the sympathetic system is liketrise an 
outgrowth from the main cord. lii the youngest embryos in which 
it is found (rat, 8 days), the cord is lost at the level of the hind 
limbs; at a later period of development (rat, 12 days) it reaches 
.•further, to the bifurcation of the aorta; while in still older embryos 
it can be traced alongside the middle sacral artery for a considerable 
distance. It is not joined by splanchnic branches, and it is only 
in an advanced stage of development (rat, 22 days) that trans- 
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verse cellular communications take place on tlie dorsal aspect of the* 
middle sacral artery between the cords of opposite sides to produce 
the ganglion impar and the loop of connexion between the caudal 
ganglia. 

The peripheral branches from the sympathetic cord arise as cellular 
buds or outgrowths which are first seen about the time when the 
splanchnic branches of the spinal nerves join the cord (mouse, rat, 
11—12 days; human embryo 1st month). They accompany the 
parts of the splanchnic branches which do not join the sympathetic 
cord into the splanchnic area; and, especially in the hinder thoracic 
region, form considerable masses traceable along the main vessels,, 
which in o|der embryos give rise to parts of the splanchnic nerves,, 
as well as the medullary portions of the suprarenal bodies, as previous- 
observers have described. 

The gray rami communicantes may (doubtfully) be said to belong 
to the category of peripheral branches from the sympathetic cord. 
They appear to arise from the cord as cellular outgrowths which 
pursue a centripetal course along the splanchnic branches of the 
spinal nerves towards their roots; but in regions where these are 
absent, or are unconnected with the sympathetic cord, I have not 
been able to satisfy myself about their formation. 

The principal conclusions derived from these investigations are 
that the sympathetic system in Mammals is mesoblastic, is formed m 
situ out of the cellular tissue surrounding the embryonic aorta, and 
is at first entirely independent of the cerebro-spinal nervous system; 
it is primarily uniform and unsegmented, in this respect resembling 
the organs in the splanchnic area-—the vascular and alimentary sys¬ 
tems—^with which it is so closely related, functionally as well as 
structurally. It becomes secondarily connected with certain spinal 
nerves by the growth from the latter of the white rami communi- 
mntes, and in consequence becomes gangliated in an irregular manner. 
From the main cord cellular outgrowths arise which form peripheral, 
non-medullated nerves, plexuses, and ganglia, as well as the medullary 
portions of the suprarenal bodies. 

Morphologically, the Mammalian sympathetic cord resembles the* 
structures with which it is in structural and functional relation, in 
being mesoblastic, and in its development primarily unsegmented. It- 
is a rod, fibro-cellular in structure, out of which, on the one hand, 
are produced certain ganglia- and nerves, and which, on the other 
hand, becomes connected with certain cerebro-spinal fibres—the 
splanchnic branches of the spinal nerves. The mechanism thus pro¬ 
duced may be regarded as providing for the guidance of these fibres- 
(e.g.^ vasomotor nerves) to their destinations, and as regulating their 
proper distribution to the vascular and alimentary systems. 

In conclusion, I wish to express my indebtedness to Professor* 
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Milnes Marshall, of Manchester, for his advice and criticism, and for 
many valuable suggestions made after reading the memoir of which 
this is a summary. 


IV. ‘‘A Note on an Experimental Investigation into the Patho¬ 
logy of Cancer.” By Chables A. Ballanoe and Samuel 
G r. Shattook. Communicated by Sir James Paget, Bart., 
F.R.S. Received April 15, 1890. 

[Publication deferred.] 
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May 8,1890. 

Sir G. GABEIEL STOKES, Barfc., President, in the Chair. 

The Presents received were laid on the table, and thanks ordered 
for them. 

The following Papers were read:— 

I. ‘‘On certain Ternary Alloys. Part 11.’’ By C. R. Alder 
Weight, D.So., F.R.S., Lecturer on Chemistry and Physics, 
and C. Thompson, P.C.S., F.I.C., Demonstrator of Chemistry, 
in St. Mary’s Hospital Medical School. Received April 3, 
1890. 

In Part I, it has been shown that when the three metals lead, zinc, 
and tin are fused together and well intermixed, and the mixture 
allowed to stand molten for some hours at a nearly constant tempe¬ 
rature, a single homogeneous alloy results if the proportion of tin 
present exceeds a certain limiting amount (about three-eighths of the 
entire mass); but with smaller proportions of tin the mass divides 
itself into two different ternary alloys of unequal density: the 
heavier contains chiefly lead, together with some of the tin, and as 
much zinc as the lead can dissolve in presence of the particular 
proportion of tin associated with it; whilst the lighter mainly 
consists of zinc, with the rest of the tin, and as much lead as the 
zinc can dissolve in presence of that tin. 

We have found that analogous results are obtained with various 
other ternary mixtures of metals, A, B, C, such that whilst A and B 
are not miscible together in all proportions (like lead and zinc), C is 
miscible in all proportions with either A or B separately. Of such 
mixtures, the following are examples:— 


Javier metal, A. 

Lighter metal, B. 

Third metal, 0. 

Lead, 

Zinc. 

Tin. 

Lead. 

Zinc. 

Silver. 

Lead. 

Zinc. 

Cadmium. 

Lead, 

Zinc. 

Antimony. 

Bismuth. 

Zinc. 

Tin. 

Bismuth. 

Zinc. 

Silver. 

Lead. 

Aluminium. 

Tin. 

Lead, 

Aluminium. 

Silver. 

Bismuth. 

Aluminium. 

Tin. 

Bismuth, 

Aluminium. 

Silver. 
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We have made a large number of experiments with various 
mixtures of this kind. So far as our results are completed, they lead 
to the fallowing general conclusions :— 

1. In all cases, the mixture of the three metals A, B, 0, when 
allowed to stand molten for a sufficient length of time at a tolerably 
equable temperature, divides itself into two different ternary alloys 
of unequal density, if the proportion of C present in the entire mass 
falls below a certain limiting amount; but, if the quantity of 0 
present is above this limit, no such separation takes place, only one 
homogeneous alloy resulting. 

2. Under ordinary circumstances, the. different alloys thus formed 
are respectively a saturated solution of A in a mixture of B and 0 
(lighter alloy), and one of B in a mixture of A and 0 (heavier alloy); 
the solubilities being such that, the greater tbe proportion of 0 
present, the more of A (or B) is dissolved. Certain metals, however, 
appear to be capable of forming true chemical compounds in atomic 
proportion, in which case the quantity of A (or B) dissolved does not 
always vary directly with the amount of C present. 

3. The quantity of B dissolved by a given weight of A (or of A 
dissolved by a given weight of B) in presence of a given weight of 
0 varies considerably with the nature of 0. Moreover, although in 
certain cases (e.gr., the lead-zinc-tin alloys examined in Part I) a 
considerable variation in temperature makes hardly any measurable 
difference in the solubility, this is very far from being the general 
rula; the ordinary effect of increment in temperature is to increase 
the solubility of A in BO, and of B in AC, in some cases to a very 
considerable extent. 

4. The third metal 0 divides itself between the two alloys in a 
fashion variable not only with the nature of A, B, and C, and with 
the temperature, but also with the relative proportions subsisting 
between A and B in the entire mass, and with the proportions of 0 
contained therein. If curves he drawn, as described in Part I, with 
the percentages of 0 in one alloy as abscissm and the differences in 
percentage between the two alloys as ordinates, two classes of curves 
may be distinguished. In one, the percentage in the lighter alloy is 
greater than that in the heavier; calling the difference -f, the curve 
rises from the origin above the base line. In the other, the percentage 
in the lighter alloy is less than that in the heavier one; so that the 
difference is now —, and the curve falls from the origin below the base 
liiie. ^ith curves of the first kind, it generally happens that the 
ordin^e value increases gradually to a maximum and then 
diminishes; with some metals (e.y., silver-lead-zinc) the diminution 
is only just perceptible; with others {e.g,^ silver-bismnth-zinc) it is 
more marked; whilst with some (e.^., tin-lead-zinc) it is carried so 
far that at length the ordinate becomes 0, and subsequently — iu 
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sign, t.e., tlie cnrye first rises alDove tlie "base line to a maxinmm, and 
then sinks again, and crosses the base line, falling below it. 
Similarly, with curves of the second kind, it sometimes happens that 
the ordinate value reaches a negative maximum, and then lessens 
again, so that the curve again approaches the base line; as yet, 
however, we have not met with a. case where the curve actually 
crosses the line giving a -f ordinate value. 


Mixtures of Lead, Zinc, and Tin at JTigher Ttim]peratures. 

, The experiments described in Part I indicated that little if any 
diSerence is produced in the composition of the two alloys into 
which a given mass of these three metals separates by varying the 
temperature at which the fused mass is maintained between 565" 
and 689", or between about 650® and 750®; sensibly the same 
solubility curves for zinc in lead-tin, and for lead in zinc-tin, resulting 
in all cases. We find, however, that if a higher temperature be 
employed, 750—850® and upwards, a measurable increment in 
solubility is produced. At this more elevated temperature, the 
volatility of zinc is considerably enhanced, so that the ratio between 
the lead and zinc present in the compound ingot finally obtained 
differs more from that iir the mass of metals originally weighed up 
than was the case in the experiments described in Part I; in those 
experiments, the average loss by oxidation and volatilisation per 
100 parts of original metals jointly was nearly 4 parts, of which 
scarcely anything was due to loss of tin, about one-third to loss of 
lead, and some two-thirds to loss of zinc. In the experiments 
described below, 100 parts of original metals lost on an average 
about 10 or 12 parts altogether, almost the entire increment in the 
loss being due to enhanced volatilisation of zinc, this larger amount 
being due not only to the higher temperature, but also to the longer 
time of fusion (some twenty-four hours instead of eight). To reduce 
this loss by volatilisation to a minimum, the molten metals, when 
poured into the red-hot narrow clay test-tubes, were covered with 
layers of fused cyanide of potassium some 12 or 15 millimetres thick. 

The melting arrangements employed throughout in the experi¬ 
ments described in this paper were substantially those detailed in 
Part I: viz., the weighed metals were fused with cyanide of 
potassium in a clean crucible, well stirred together for some time, 
and poured into a red-hot clay test-tube, vrhich was then kept hot 
for some hours by immersion in a bath of molten lead, fused in an 
iron cylindrical vessel surrouilded by a clay jacket, several large 
Bunsen flames playing into the interspace being the source of heat. 
The temperature was ascertained from time to time by means of the 
platinum specific heat pyrometer, as described in Part I. It was 
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found more convenient to snrronnd the. clay test-tubes with thin 
wronght iron coverings made of wider tubes closed at the end; by 
so doing, the chance'of spoiling an experiment by the infiltration of 
lead from the bath through minute cracks in the clay was avoided; 
moreover, by simply removing from the iron tubes the inner clay 
test-tubes by means of tongs, a new set of test-tubes containing fused 
mixtures could be readily introduced into the lead-bath without 
extinguishing the heating flames; whereas, when the clay test-tubes 
were plunged directly into the molten lead, the layer of fritted 
litharge that formed on the outer surface of the lead-bath sometimes 
rendered it difficult to remove the clay tubes without agitation. 
Somewhat; smaller ingots than those previously used were mostly 
prepared, usually weighing 50—60 grams, instead of 80 and upwards; 
the compound ingots ultimately formed were generally about 7 or 
8 centimetres long, and 10—12 millimetres diameter. 

The following solubility values for pure lead in pure zinc, and 
vice versa (no tin being present), were obtained in a number of 
different observations. 

Percentage of Zinc in Heavier Alloy. 


At 666—?60° (Part I). 

At 760—860". 

1-14 

V23 

1-22 

1-27 

1-30 

1-28 

1-30 

1-34 


1-35 


1-86 

Mean.... 1‘24 

Mean.... 1'30 


« 

Percentage of Lead in Lighter Alloy. 

At666—760° (Parti). 

At 760—850°. 

1-08 

1-40 

1-10 

1-57 

1-17 

1-64 

1-22 

1-67 

Mean.... 1T4 

Mean.... 1'57 


It hence results that the solubility of zinc in lead is greater at a 
temperature near to an average of 800® than at one near to an 
average of 650° by an amount only just perceptible, and barely 
outside the limits of experimental error; whilst the solubility of lead 
in zinc is increased nearly in the proportion of 3 to 2 by the same 
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temperature increment. Tlie values described below show that when 
tin is also present tbe increment in solubility with higher tempera¬ 
ture is in each case well marked. 

The following mean values were obtained from twelve compound 
ingots, prepared by fusion for twenty-four hours at a temperature 
averaging near to 800° of mixtures coni»aining originally equal 
weights of zinc and lead with varying proportions of tin:— 


Heavier alloy. 

Lighter alloy. 

Excess of tin 
percentage in 
lighter ^oy 
over that in 
in heavier. 

Tin. 

Lead. 

Zinc. 

Tin. 

Lead. 

Zinc. 

0 

98-70 

1-30 

■ 0 

1-57 

98*43 

0 

7-01 

89-87 

3-12 

9*28 

6-39 

85-33 

2-27 

12-77 

82-98 

4-25 

16-36 

8-00 

75 -64 

3-59 

19 -29 

73-17 

7-54 

21-56 

10 -04 

68-40 

2-27 

22-84 

65-80 

31-36 

23 -94 

11 -39 

64*67 

1*10 

27-12 

54-98 

17-90 

26-62 

12-13 

61-25 

-0*50 

29-47 

50-07 

20-46 

28-37 

12‘95 

58*68 

-1-10 

31-66 

45 *74 

22-60 

•• 

•• 

»• 

•• 



Fig. 1 represents the curve illustrating the tin distribution derived 
from these figures, the numbers in the first column being plotted as 
abscissae and those in the last as ordinates (Ko. 1) ; the corresponding 
mean curve deduced from the observations at lower temperatures 
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(averaging near 650®), described in Part I, being represented by 
No. 2, in each case equal quantities of lead and zinc and varying 
proportions of lin being employed for the mixtures originally fused. 
The effect of the higher temperature is apparently to give a curve 
somewhat underlying that obtained at the lower temperature, and 
crossing the base line sooner; but the difference is not extremely groat, 
and is probably at least partly due to the circumstance that the 
greater volatilisation of zinc at the higher temperature causes the 
proportion of lead relatively to zinc in the entire mass to rise higher; 
as shown in Part I, the tin distribution curve obtained with two parts 
of lead to one of zinc in the original mixtures underlies that obtained 
with equal proportions of the two metals, and crosses the base line 
sooner. 

When the percentages of tin and zinc in the heavier alloys are 
plotted as abscisses and ordinates respectively, a curve is obtained 
sensibly overlying that previously obtained at about 660®; and 
similarly with the curve obtained by plotting the percentages of tin 
and lead in the lighter alloys as abscissa and ordinates respectively. 

The following tables exhibit the solubility values deduced from, the 
mean curves thus graphically obtained, the corresponding values for 
650° being annexed for the sake of comparison:— 


Solubility of Zinc in Lead-Tin. 


\ ' '■ \V ' « <' 

3? ‘ ' ' 

ineaar 6S0®. 

^temperature near 800^. , 

]^er cent, of 
zinc. 

Difference. 

Ter cent, of 
zinc. 

* ’ 4 

T' 

0 

2 

1^24 

1-44 

0*20 

1-Mi 

l-$0 


4 

1*66 

0*21 

2-86 


6 

1 *89 

0*24 

2-SO 


8 

2*15 

0*26 

S-80 


10 

2 *.45 

0*30 

3-80 

0-50 

12 

2-85 

0-40 

4*40 


14 

8*4 

0-5S 

6-10 

" .0;70 

16 

4*1 

0-7 

6*9 

O-80 

18 

5*0 

• 0*9 

6*9 

1*00 . 

20 

6*1 

1*1 

8*1 

1*2 

22 

7*5 

1*4 

9*6 

1*6 

U 

9/25 

1*75 

11*6 

2-0 

m 

11 ‘4 

2;15 

14*1 

2-5 

28 

13 *9 

2*5 

17 *1 

3-0 : 

. 80 

16 *7 

2*8 

20*4 

3-3 

32 

19*8 

3*1 

24*0 

3*6 

34 

23 *2 

3*4 

,, 

,, 

36 

27*0 

8*8 

•• 

.. 


* By inadvertence, some numerical inaccuracies exist in the table of solubility of 
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SolulDility of Lead in Zinc-Tin, 


Per cent, of 
tin. 

Temperature near 650°. 

Temperature near 800®. 

Per cent, of 
lead. 

Difference. 

Per cent, of 
lead. 

Difference. 

0 

1-14 


1*57 


2 

1-47 

0*33 

2*36 

0-78 

4 

1*80 

0*33 

3*15 

0*80 

6 

2T3 

0*33 

3*95 

0*80 

8 

2-46 

0*33 

4-75 

0-80 

10 

2*80 

0*34 

5*55 

0*80 

12 

3*14 

0*34 

6-35 

0*80 

14 

3*50 

0-36 

7*15 

0*80 

16 

3*9 

0*40 

7*95 

0*80 

18 

4*6 

0*6 

1 8*75 

0*80 

20 

5*3 

0*8 

9*55 

0-80 

22 

6*3 

1*0 

10*35 

0*80 

24 

^•5 

1*2 

11 *20 

0*85 

26 

8*9 

1*4 

12*05 

0*85 

28 

10*6 

1*7 

12 *90 

0*85 

30 

12*75 

2*15 



32 

15*5 

2*75 

•• 

•• 
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Fig-. 3. 



Figs. 2 and 8 represent these values respectively, the curves 
marked 2 being those obtained at the lower temperatures (near 650°), 
and those marked 1 being the corresponding higher temperature 
mean curves (near 800°); the dotted lines being those connecting 
observed at near 800°, 

Mistiures of Leady Zinc, and Silver. 

CJ^ng to the lesser degree of fusibility exhibited by some of th^e 
miitees, it was found necessary to employ throughout a temperf,tur^ 
rajhgihg between 750° and 850°, and generally pretty close tb 
li^is well known that on adding zinc to melted argentiferous 
tl^e zinc rises to'the topi carrying most of the silver present with it 
atong with a little lead; whence, evidently, the curve representing 
tile distribution of silver between the lighter and heavier alloys 
f(famed resembles that obtained with lead, zinc, and tin alloys when 
tie proportion of tin present is but small, i,e,, the curve at first 
asfcehds above the base line j but no information appears to be extant 
giving any clue as to whether this kind of distribution would also be 
o^^e^ed with mixtures containing large proportions of silver, or 
whether such ndixtures would behave like lead-zinc-tin mixtures 
ccintaiiiing large proportions of tin, i.e., furnishing a curve descending 
again to, and finally dropping below, the baso line. 

1 , !f]ie analysis of the lead-zinc-silver* alloys formed was made as 
Mfo^s -r^a weighed quantity, usually some 5 or 6 grams, was dissolyed 
iu nitric acid and the solution diluted with so much hot water that 
on adding enough dilute hydrochloric acid to precipitate all the 
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silver-"present no. lead obloride separated. The turbid,liqndd was 
kept hot in the water-bath for an hour or two, until the.,,silver 
•ohlpride had subsided, and was thep filtered hot, the silver chloride 
being boiled up two or three tiiujes with water to wa^h out any 
lead chloride that might possibly have separated. The filtrate was 
eyapomted with pure jsulphuric acid in excess, and the lead snlphate 
formed separated and determined in the usual way. As with the 
lead-zinc-tin alloys described in Part I, it was found necessary t6 
precipitate the zinc contained in. the filtrate from the lead sulphate 
as sulphide, and to redissolve this (after filtration) in hydrochloric 
acid and precipitate whilst boiling as carbonate by sodium carbonate, 
finally weighing as ZnO; if the precipitation as sulphide were 
omitted, sensibly too high values were obtained from the presence of 
Z/me, presumably deriyed from the glass and porcelain vessels. used. 
The ZnO, after weighing, was dissolved in hydrochloric acid and 
supersaturated with ammonia, and the trifling precipitate of alumina 
and 'ferric oxide (derived from the crucibles and clay test-tubes) 
estimated and subtracted. The figures given below are in all cases 
calculated upon the sum of the silver, lead, and zinc thus found 


Series I.—Time of Fusion, 8 hours. Temp., 750—850®. 


Perbentage 
of silver 
in mixture 
before 
fusion. 

Heavier alloy. 

Lighter alloy. 

Excess of 
silver percent¬ 
age in lighter 
alloy over 
that in heavier. 

Silver. 

Lead. 

Zinc. 

Silver. 

Lead. 

Zinc. 

0 • 

0 

98 *70 

1*30 

0 

1*57 

98-43* 

0 

a 

0*02 

98 *25 

1-73 

6*75 

1*96 

92 *30 

6-78. 

6 

0*12 

98*36 

1*62 

■ 12*32 

5*12 

82*56 

12*20 f 

0 

0*34 

97 *16 

2*50 

17*23 

9-00 

73-77 

16*09 

10 

0*18 

97 -67 

2-15 

18*96 

8-62 

72-42 

18-78 

n 

0-19 

97-39 

2-42 

20*95 

11*81 

67-24 

20-76 

■ u ■ 

0-37 

97-81 

1*82 

24 *10 

9*06 

66 *84 

, 28-73 


0*60 

96*56 

2*85 

28*86 

7-34 

68-81 

28-25 

la ■ 

0'85 

97*23 

1-92 

33-77 

3*04 

68 -19 

32 *92 


1'19- 

95 *46 

3-36 

84*86 

2*83 

62-81 

33*67 


1-38 

96*40 

2*22 

38 *33 

2*78 

68-93 

36 *95 

' 'M'- 

1*61 

96-00 

2*39 

39*96 

2*86 

57*19 

38*34 


1’82 

95*73 

2*45 

41-90 

3*27 

54*83 

40*08 . , 


2-52 

96*10 

2*38 

46-43 

3*66 

49*91 

43 *91 


3*01 

96*59 

1*40 

63 -74 

3*70 

42*56 

50*73 

aa* 

3*58 

95 *23 

1*19 

54-15 

3*53 

42*32 

60*57 


6*30 

93*47 

1*23 

56-67 

4*32 

39*01 

51 *87 

44 

8*31 

90 12 

1*57 

60-13 

7*06 

32*81 

51*82 

47-5 

1145 

86 -70 

1*85 

62-94 

9*64 

27*62 

61 *49 

52-5 

14*06 

84*10 

1:84 

65-48 

10*60 

24*02 

51*42 

57,*5 • 

■17 *14 

80*43 

2*43 

66-19 

12*85 

20*96 

49*05 

62*5 

19*45 

77 *62 

2*93 

66-24 

14*78 

18 *98 

46*79 

65 

•* 


•• 

67-39 

16*66 

15*95 

•• 


voi,, xLViii. n 
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Series II.—Time of Fusidn, 24 hours. Temp., 750®—850®. 


Percentage 
of silver 
in mixture 
before 
fusion. 

Heavier alloy. 

Lighter alloy. 

Excess of 
silver percent¬ 
age in lighter 
alloy over 
that in heavier. 

Silver. 

Lead. 

Zinc. 

Silver. 

Lead. 

Zinc. 

0 

0 

98-70 

1*30 

0 

1*67 

98-48 

0 

5 

0*02 

98*64 

1*84 

9*84 

2*61 

88-16 

9*32 


0*10 

98-38 

1*52 

16 *46 

4-63 

•79-91 

16 -86 

10 

0*32 

97 -61 

2-07 

22-07 

6*96 

70-97 

21-75 

12^5 

0’25 

97-08 

2*67 

22-28 

7-56 

70-16 

22*03 

15 

0-88 

96 -23 

2-89 

27-95 

6*17 

66 -88 

27*07 

20 

1*12 

96-98 

1*90 

39*49 

3*46 

67-06 

88*37 

25 

1-46 

96 *58 

1-96 

41 *82 

8-90 

54*28 

40*36 

27-6 

1-60 

97-14 

1*26 

48*11 

8*46 

48*43 

46*51 

30 

2-26 

96-46 

1*28 

48*93 

3*82 

47*26 

46*67 

35 

5-35 

93 -27 

1*38 

51 *86 

4*47 

43*67 

46*61 

40 

7-78 

90 76 

1*46 

63 *98 

4*78 

41*24 

46*20 

45 

9-36 

88 62 

2*02 

61 07 

7*23 

31 *70 

61*71 

50 

10-76 

86-95 

2*30 

61 *93 

10 *28 

27*79 

61 *18 

60 

• ■ 

• • 


68*89 

38*28 

12*83 

». 


(after correction) as 100, In the case of the lighter alloys, where 
zinc was the main constituent, as a rule the silver and lead only 
were determined, and the zinc taken by difference; but with the 
heavier alloys the zinc was invariably directly determined. 

Series I is derived from the examination of thirty-eight compound 
ingots, and Series II from seventeen, several of the analyses quoted 
being the mean compositions derived from two mixtures nearly a^like* 
The average loss by volatilisation and oxidation was about 4 grams 
out of 50—60 = about 8 per cent., in Series I, and 6 or 7 grams 
^ about 13 per cent., in Series II, the zinc being the metal chiefly 
affected. 

On plotting these figures as curves, it is noticeable, firstly, that the 
distribution of silver between the two alloys formed is such as 
throughout to yield a curve overlying the base line, and exhibiting a 
rise to a maximum, and subsequent slight fall. Thus curves 1 and 2, 
fig. 4, represent the numbers in Series I and II respectively, the 
percentages of silver in the lighter alloys being here taken as 
abscisssB, and the figures in the last column as ordinates. 

Next, the curves obtained by plotting the percentages of silver 
and lead in the lighter alloys as abscissae and ordinates respectively 
are most remarkable (curves 1 and 2, fig. 5). At first the two curves 
do not coincide, hut they present the same general feature of rising 
to a first maximum, and then falling again to a point but little above 
the starting level, after which the two do not differ from one another 
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Toy amounts outside tlie limits of variation asoribable to unavoidable 
differences of average temperature and fluctuations of temperature in 
the several experiments, both rising slowly until a point is reached 
when a very marked change takes place in the rate of ascent, 
ll is especially noticeable that the position of the first maximum is 
in 4aoh case close to that when the ratio between silver and zinc in 
the* alloy is indicated by the formula AgZn^— 


} , 

Silver. 

[ Zinc. 

bead. 

Ratio of zinc to silver. 

Varies I... 

20-96 

67-24 

11 -81 

1 to 0 ‘318 

Scries 11. 

22 *28 

70-16 

7-66 

1 „ 0 -817 


Calculated for AgZiig ...... 1 » 0 *832 

„ AgZn4.... 1„ 0*277 


Further, the points where the rate of ascent suddenly becomes 
much more rapid are in neither case far from that indicated by the 
formula Ag^Zng— 


' i '■ ' ' '”v4 .V. 


- 


Ratio of zinc to silver. 

Series I, between. • • • 

53-74 

56-67 

42-66 

39 *01 
< Mean ... 

3- 70 

4- 32 

1 to 1 -26 

1 „ 1-45 

1 „ 1-828 

Series TI, about.. 

63-98 

1 41-24 

1 4-78 

1 „ 1‘81 

1 1‘88 

Calculflit^ for Aff.Znk . 

. .. 

^- ,, AgZn.. ...... ... 

, .1 




As r'egai-ds these points, it is remarkable that alloys where upwards 
of nine-f enths of the whole consists of silver and zinc in the propor¬ 
tion Ag^Zng exhibit a distinct coppery red hue when a recently filed 
,or polished surface is exposed to the air for a short time, As the 
proportion of Ag^Zng present diminishes owing to the presence of 
excess of silver, or of zinc, or of either with additional lead, the red 
eolonr becomes less marked, the tint being only a pale yellow, or even 
entirely white, when the alloys contain less silver and more zinc, or 
nxore silver and less zinc, than about the limits— 

Silver 
Lead 
Zinc 


42 per cent. . 62 per cent. 

3 » . 10 „ 

55 „ ...... 28 ,, 


100 


100 




















1890.] . .Of)i'(^Tttam TermryrAlloys, ^ 'i ^7- 

corresponding with a percentage of Ag^Zng of abont 73 in tbe first 
case and 65 in tbe second. 

It is further remax'kable that mixtures of bismuth, zinc, and silver, 
on standing fused for some eight hours, separate into different 
ternary alloys, the lighter of which yield curves exhibiting exactly 
the same peculiarities as those above mentioned, viz., rise to maximum 
near AgZng, fall again to a minimum, and then a slower rise again to 
Ag^Zng, marked by a red colour. These alloys will be discussed in a 
subsequent paper. 

Thirdly, the curves obtained by plotting the percentages of silver 
in the heavier alloys as abscissas and those of zinc as ordinates 
(Uos. 1 and 2, fig, 6) are in each case such as to indicate that, as long 


Fie. 6. 



as the mixture of metals used contains less than about 41 per cent, of 
silver in the first case and 28 in the second, the heavier alloy 
that separates invariably contains more zinc than that formed either 
when no silver at all is present, or when these limiting proportions 
are reached. At these limiting proportions the percentage of zinc 
present is slightly loioer than that found in binary zinc alloy, as also 
is the proportion of zinc calculated per unit of lead, thus— 




Zinc. 

Lead. 

Batio of lead to zinc. 

Binary alloy. 

0 

1*30 

98-70 

1 to 0*0132 

Beries II . 

1*60 

1-26 

97-14 

1 „ 0 *0130 

Series 1. 

$‘58 

1'19 

95-28 

1 „ 0 *0125 


The lowering is so small that it might readily be attributed to 
experimental errors, were it not that a precisely similar and much 
more strongly marked result is obtained with alloys of silver, zinc, 
and bismuth, as will be showrn in a future paper. 

After these limiting proportions are passed the amount of zinc 
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present increases witli tlie silver present, giving sensibly tbe same- 
curve in each, series. 

Tbe above results obviously lead to the conclusion that silver and 
zinc form at least two definite compounds, viz., AgZug and Ag^Zug: 
the first of these can dissolve lead more freely than can either 
pure zinc or the second; so that when the silver and zinc are 
contained in the lighter alloy in exactly the proportion AgZug^ 
the lead dissolved* is a maximum. Moreover, it results conversely 
that lead can dissolve AgZug more freely then either pure zinc or 
Ag 4 Zng, s6 that, when circumstances favour the production of the 
first compound, the zinc dissolved in the heavier alloy is notably 
increased. It would seem that the compound Ag^Zng is so much 
less soluble than AgZng that lead saturated therewith contains 
actually less zinc than when saturated with pure zinc; for the 
experiments with bismuth-silver-zinc alloys show that the^ zinc con¬ 
tained in the heavier alloys (calculated per unit of bismuth) 
gradually diminishes to a minimum as the silver present increstses, 
and then regularly increases again, the position of this minimum 
being sensibly that where the silver and zinc present are in the 
proportion Ag^Zug. Thi& point will be discussed in a future paper. 

When more j^ilYer; is present r^Ulively to zinc than corresponds 
with Ag^Zng, thi| ocA|iouh(i is dissolved by lead, and conversely 
can itself dissolve leasd, the more freely the more surplus silver is pre¬ 
sent ; so that a more or less rapid rise in each solubility curve is 
(^erVahle when the silver present exceeds that requisite to form 
Ag^Zug with the zinc present. 

The difference between the lighter alloy curves obtained in Series I 
and II leads to the remarhahle conclusion that, when the compound 
(containing dissolved lead) is kept fused for some hours, it 
tends to break up (presumably into free zinc and Ag^Zng), and thereby 
to throw out of solution more or less of the dissolved lead; so that 
after 24 hours’ fusion less lead is present in the lighter alloy than 
after only eight hours’ fusion. Obviously, if it wei^e practicable to 
effect this decomposition absolutely completely, the lighter alloy 
formed would be simply a mixture of Ag^Zug and more or less 
surplus zinc, saturated with lead; and hence the curve traced out 
with silver as abscissa and lead as ordinate should rise regularly 
from the origin np to the point where Ag^Zng without surplus zinc is 
present. 

Owing to the volatility of zinc, we were nuable to carry out any 
experiments with a view to tracing out such a regular curve, by 
maintainiug the alloys in a fused state for lengthened periods of 
time (several days) ; but we succeeded in effecting the same object 
by the simple device of eliminating the lead that separated (along 
with some silver and zinc) on keeping the solution of lead in AgZn^ 
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fused for, some time, so as to remove it from the sphere of action, 
and thus facilitate the separation in the same kind of way that 
removing the products of decomposition pari passu with their forma¬ 
tion facilitates the decomposition by heat or the dissociation of 
ordinary chemical compounds. ^ 

After various trials, we found that the simplest way of effecting 
this, was to prepare a series of mixtures of equal weights of lead and 
zinc and varying quantities of silver, and keep them fused for ^ 
about eight hours, as in Series I; the compound ingots thus obtained 
were then cut in two, and the lighter portions fused separately 
without stirring for another period of eight hours, so as to be out 
of contact with the heavier portions formed during the first fusion. 
Similarly,, the heavier portions were also fused separately. The 
result of this treatment was that each lighter portion underwent 
a further separation into a small quantity of heavy alloy and a 
much larger quantity of a lighter one; and, conversely, each 
heavier portion similarly separated into a small quantity of lighter 
alloy, which floated, and a much larger amount of heavier alloy. On 
repeating the operation, by cutting ofl the small quantity of heavy 
alloy (or lighter) that had thus separated, and fusing again for 
another eight hours, no further separation to any material extent 
occurred in the generality of cases, indicating that the limit of 
decomposition by fusion had been reached. Thus, for example, the 
following figures were obtained in two experiments with the lighter 
portions of the ingots first formed:— 


Composition. 

Silver. 

Lead. 

Zinc. , 

After first fusion for 8 hours.. 

14-65 

8'30 

77-os 

„ second „ ... 

16-93 

2-64 

80-43 

„ third „ ... 

17 -60 

2-89 

79-61 

Mean of last two results... 

17 -27 

2-76 

79-97 

After first fusion for 8 hours.... 

24-10 

9-06 i 

66-84 

„ second „ ....... 

27-37 

2-66 I 

69 *97 

„ third „ .. 

28-86 

2*71 

68*44 

Mean of last two results .. 

28*11 

2-68 

69-21 


Similar results were obtained in various other cases; moreover, we 
found that, if instead of weighing up equal quantities of zinc and 
lead and a given proportion of silver, and fusing for eight hours,, 
and then separating the two crude alloys formed, and again fusing 
the lighter, alloy, a mixture o:^ the three metals was made m about. 
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the proportions representing those due to any given point on the 
earlier portion of curve No. 1, fig. S, and kept in a state of fusion 
for eight hours or more, just the same effect was produced; a 
small quantity of heavy alloy subsided, leaving a lighter alloy, the 
composition of which was not cLUered mctteTioi/lly by cutting off the 
separated heavy alloy and fusing again for eight hours more* 

Uniting together all the observations thus made, we obtained the 
following series of figures, representing the limiting compositions of 
the normal lighter alloys formed, i.e,, the compositions below which 
no further reduction in lead percentage could be obtained by keeping 
in a fused state for several hours longer:— 

Series III.—Limiting Composition of Lighter Alloys* 


SilTer. 

Lead. 

Zinc. 

11-51 

2-37 

86-12 

17-27 

2-76 

79-97 

24-49 

2-65 

72-86 

28-11 

2-68 

69-21 

37-54 

3-14 

59-32 

46-23 

3-56 

50-21 

52-78 

3-60 

43-62 

6112 . 

6-40 

82-48 

64-58 

10-00 

25-42 

66-25 

10-84 

22-91 


On plotting these figures it is obvious that they give a curve 
(No. S, fig. 5, dotted line) sensibly identical as regards its latter 
part with the corresponding portions of the curves obtained from 
Series I and H? the differences in no case being greater than the 
amounts that may reasonably be ascribed to unavoidable differences 
M the average temperature and in the small temperature fluctuations 
in the different experiments. But the first part of the curve is 
wholly different, the rise to a maximum at AgZug and subsequent 
fall being wholly eliminated, and a regular ascent being visible 
instead, precisely as should be the case were the compound AgZug' 
wholly decomposed in each case, so that no excess of lead could be 
taken into solution over and above that due to the normal solubility 
in the particular mixture of silver and zinc (or of Ag^^Zug and surplus 
zinc or silver) present. In similar fashion, we found that if the 
bottom portions of the compound ingots obtained after eight hours’ 
fusion, and containing unduly high percentages of zinc, were cut off, 
and fused again separately for another period of eight hours, a small 
quantity of lighter alloy rose to the top, whilst the' heavier alloy 
formed after the second fusion gave, on analysis, percentages of zinc ■ 
and silver yielding a perfectly regular curve, instead of the abnormal 
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results obtained in Series I and 11 witb mixtures of mefcals con¬ 
taining less than 28—41 per cent, of silver, and yielding heavier 
alloys after the first fusion, containing less than 5 or 6 per cent, of 
silver. 


Series IV.—Limiting Compositions of Heavier Alloys. 


Silver. 

lioad. 

Zinc. 

0-38 

98-33 

1-29 

0-75 

97-98 

1-27 

1-5-2 

97-30 

1-18 

4-03 

94-72 

1-25 

8-44 

90-00 

1-66 

11-09 

87-20 

1-71 

14-82 

83-25 

1-93 


The dotted curve l^o. 3, fig, 6, represents these valites, which 
obviously imply that the method of treatment adopted had, as with 
the lighter alloys, sufSced to decompose completely the compound 
AgZug originally present, and hence to prevent any larger propor¬ 
tion of zinc being present than that due to the normal solubility in 
lead of Ag^Zug mixed with free zinc, in the case of the alloys earliest 
in the series, or to the solubility in lead containing surplus silver of ‘ 
the compound Ag^Zng, in those occurring later in the series. 

The following tables are derived from all the foregoing results,' 
excepting the earlier alloys of Series I and II, where excess of lead 
was present in the lighter alloy, or of zinc in the heavier one, owing; 
to the presence of undecomposed AgZng; they represent: the mean' 
composition of the zinc-lead-silver alloys, producible under such con¬ 
ditions that no AgZug is present to increase the amount of zinc 
contained in the heavier, and of lead in the lighter, alloys respec¬ 
tively :— 
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Solubility of zinc in lead-silver. 

Solubility of lead in zinc-silver. 

Percentage 
of silver. 

Percentage 
of zinc. 

Difference 

for 

1 per cent. 

Percentage 
of silver. 

Percentage 
of lead. 

Difference 

for 

1 per cent. 

0 

1-30 


0 

1*57 


1 

1*25 

-0 05 

10 

1*97 

0*040 

2 

1-20 

-0-05 

20 

2-37 

0*040 

a 

1 *20 

0 

30 

2-77 

0*040 

4 

1*22 

+ 0-02 

86 


0*046 

5 

1*24 

-hO’Oa 

40 

3*25 

0*060 

6 

1*26 

+ 0*02 

45 

3*56 

0*06 

7 

1*28 

-1-0-02 

50 

3*90 

0-07 

8 

1*32 

0*04 

61 

8 -97 

0-07 

9 ■ 

1*88 

0*06 

62 

4-04 

0-07 

10 

1-46 

0*08 

63 

4-12 

0*08 

11 

1-66 

0*10 

54 

4-20 

’ 0*08 

12 

1*68 

0*12 

66 

4*35 

0*16 

13 

1*81 

0*13 

66 

4*60 

0*25 

14 

1*96 

0*14 

67 


0*40 

16 

2*10 

0*15 

68 

5*5 

0*5 

16 

2*26 

0*16 

69 

6*1 

0*6 

17 

2*43 

0*17 

60 

6*8 

0-7 

18 


0*18 

61 

7-66 

0*76 

19 

2*80 

0*19 

62 

8-85 

0*8 



0*20 

63 

9*2 

0*86 




64 

10*1 

0*9 




66 

11*1 

1*0 




66 

12*6 

1*4 




67 

14*6 

2*0 




68 

17-6 

3*0 


On comparing together the relative effects on the solnbility of lead 
in zinc, and zinc in lead, produced by the presence of tin and silver 
respectively, it is at once obvious that if 100 parts of zinc can take 
up m parts of lead in presence of x parts of a third melal (tin or 
silver), or if 100 of lead can take up n parts of zinc in presence of 
sc of the third metal, then w and n are invariably much greater when 
the third metal is tin than when silver, even if the solubility in pre¬ 
sence of tin be reckoned at only 650“ 0., or thereabouts, instead of 
800“. 

Thus the following tables are calculated from the mean solubility 
carves previously described, giving the correlated values of sc, m, and 
n for the three cases—tin at about 650°, tin at ^ about 800°, and 
silver at about 800“ :— 
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Figs. 7 and 8 represent, tliese values of oj, and w, respectively, 
tlie curves marked 1 beiiig tjiose obtained with tin at 650°; those 
marked 2 with tin at.800;'and those marked 3 with silver at 800°; 
the value of x being abscissae, ^d those of m and n ordinates. 

We have much pleasure in acknowledging the assistance afforded 
us by Mr, T. M. Wyatt in carrying out a considerable portion of tHe 
analytical results above detailed. 


.11. Experiments on Vapgur-density.'’ By E. P. Peeman, B.Sc., 
dothworkers’ Exhibitioner at University College, London. 
Communicated by Professor Ramsay, F.R.S. Received 
17,1390. 

The YwpouT’density of Bromine, 

The main purpose of my work on this subject was to discover if 
bromine had any tendency to dissociate at low pressures, i.e., down to 
about 15 mm. of mercury, and at moderate temperatures. 

The subject was suggested by Professor Ramsay, to whom I am 
greatly indebted for constant advice and assistance in carrying out 
the work. The method adopted for determining the vapour-densities 
was a modification of the Dumas method, from which it differed in 
three essential points:—(1) The globe was not immersed in a bath, 
but had a vapour-jacket. (2) The weight of the vapour in the globe 
was not found by direct weighing, but by running in an absorbent 
liquid, and estimating it volumetrically. (3) A series of vapout^ 
density determinations at different pressures was made with the same 
quantity of vapour by lowering the pressure, absorbing the vapoiir 
drawn off and estimating its quantity. . \ 

As to previous work on this subject,. Jahn has shown (* Wien, 
Akad. Sitzber.,’ vol. 85, 2. Abth., 1882, p. 778) that the vapour-density 
becomes normal akabout 230''; Meier and Ziiblin (‘Deutsoh. Chem. 
Ges. Berichte,’ vol. 13,1880, p. 405) and Crafts (‘ Oomptes Rendus,’ 
vol. 90,1880, p. 183) have shown that partial dissociation takes place at 
very high temperatures; and Professor J. J. Thomson states that 
vapour-density determinations showed that bromine vapour is dis¬ 
sociated if it is heated for a long time at a low pressure, even though 
the temperature is not very high” (‘Roy. Soc. Proc.,’ vol. 42,1887, 
p. 345). Sis chief results are:— 
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Pressure. 

Temperature. 

Density. 

Berdarks. 

mm. 

0 



643 

89 

81 -7 

In bath 24 hours. 

235 

109 

77-0 

Sparked. 

280 

100 

66-6 

In bath 4 hours. 

166 

90 

77-0 

Only short time in bath. 

390 

lai 

70 0 

In bath 7 hours. 


These results Were so ahuomal that it was deemed ueoessaxy to 
make fresh experiments. 

DesorijpUon of Appa/ratus ,—The apparatus used consisted of a glass 
globe, A (fig. 1), of about half a litre capacity, blown inside of a larger 



TiiSh. X—Apparatus used tor determiniug the Yapour*density of Bromine. 

(Section^ 


globe, B. The liqnid which produced the vapour-jacket was boiled 
in a small globe, C, connected with the outside globe B, and con¬ 
densed in the tube D, round which, when necessary, a condenser was 
fixed. Puriher to the right came an absorption-tube, F, with a small 
bulb-tube, Q-, containing a few drops of the same liquid as was 
introduced into the absorption-tube, viz., potash solution during the 
boiling-out process, and afterwards a strong solution of potassium 
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iodide; then came an air-reservoir, M, and a pressnre-gange, 0, 
tarranged as shown in the diagram. There were stopcocks at E, L, 
and 17; rubber joints at H, K, and S; and a screw-clip at R on the 
tube P, leading to a water-pump. 

Method.of Frocedure .—The capacity of the globe A was accurately 
•determined by weighing the apparatus empty, and then full of water; 
it was filled from a wash-bottle, which was also weighed as a check 
on the other result. 

Pure bromine was specially prepared by boiling commercial 
bromine with potassium bromide for a day, distilling it through a 
tube containing red-hot manganese dioxide, and redistilling with 
phosphoric anhydride; after a small portion had distilled over, the 
hoding point was constant at 59®'09 (reduced to 760 mm.). Asbestos 
plugs were found very useful in working with bromine; by their use 
:a good joint can be secured if liquid bromine is not allowed to come 
into contact with the asbestos. The thermometer in the distilling- 
flask was secured by a plug of asbestos, and its bulb was surrounded 
with asbestos to prevent superheating. 

To commence an experiment, the globe was rinsed with ether, and 
-dried by repeated exhaustion and admission of air; some bromine 
was run in without admitting air, the tube above E was fused on to 
the absorption-tube, F, by means of a portable blowpipe, the liquid 
in 0 was boiled, the snopcock E cautiously turned till the pres¬ 
sure within the globe was equal to the atmospheric pressure, and 
then opened from time to time till the bromine ceased to blow out. 
All the bromine was absorbed in E, which at this stage contained 
potash solution. The stopcock E and the tube above and below 
it were gently heated by means of a Bunsen’s burner. The absorp¬ 
tion-tube was then connected with the reservoir M, and the air 
was partially exhausted from the whole apparatus; to complete the 
.exhaustion as far as possible, the globe and the absorption-tube 
were directly connected with the pump. The stopcock E was then 
turned off, the tube above it was cracked and removed, more bromine 
was admitted, the tube fused together again, and the bromine driven 
out as before till the pressure in A was equal to the atmospheric 
pressure. The globe was then full of bromine vapour at the 
atmospheric pressure, and at the temperature of the jacketing 
vapour, and was ready for a vapour-density determination, or for a 
series of determinations. The absorption-tube was rinsed • out, and 
partly filled with a strong solution of potassium iodide; it was then 
clamped in its place, and connected with the globe A, and with the 
reservoir M. The water-pump was then set to work till the reservoir 
was exhausted sufficiently—the degree of exhaustion depending upon 
the number of. vapour-density detefminaiaons which were to be made 
in the series. The pump was then cut off by the screw-oHp R, and 



'48 


Mr. K P. Permati. 


[May 8, 

/he. stopcock E turned yery .cautiously, letting out the 'bromine 
vapour little by little j when it ceased to come over, the globe and 
its contents were left for two or three minutes in order to regain the 
heat lost by the adiabatic expansion; it was necessary to repeat this 
process till the bubble in the bulb-tube Q- remained undisturbed on 
quickly opening and closing the stopcock E. The pressure recorded 
by the gauge was then carefully read, the stopcock L was closed, the 
absorption-tube removed, and its contents washed into a stoppered 
bottle. The whole process was repeated at successively lower 
pressures till the lowest desired was reached; a good water-pump will 
reduce the pressure to the vapoui’-pressure of water at the temperature 
of the water passing through the punip. 

The residual brotaine in the globe was estimated by running in 
potassium iodide solution, and titrating with a standard solution of 
sodium thiosulphate. The successive quantities of bromine collected 
in the absorption-tube were also estimated in the same way. The 
ijhiosulphate solution was standardised with the specially prepared 
bromine, and also with pure iodine; the results agreed within 0*2 per 
cent., and the mean value was used. 

By adding together the residual quantity of bromine and the 
quantities removed, the weight of bromine in the globe at each 
pressure was found. The capacity of the globe being accurately 
known^ and also the temperature of the jacket from the tables of 
Professors Ramsay and Young (‘ Chem. Soc. Journ.,* vol. 47, 1885, 
p. 640), the data requisite for the determination of a series of 
vapour-densities at difEerent pressures were available. 

^es^dts .—^After some practice in conducting tbe experiment, 
satisfactory results were obtained; they are tabulated below:— 


Series. I.—Temperature, 77®*8 (Alcohol) ; Capacity of Globe, 446*3 c.o. 



Weight of bromine. 

Pressure. 

Y.4. 


grms. 

mm. 


1. 

2-410 

?44-9 

w-a 

2. ‘ 

3*856 

675 *9 

78-9 

3. 

1 *883 

431-2 

78-6 

4. 

1-146 

355 *9 

78-8 

5. 

0*6732 

208*4 

79 -1 

6. 

0*3388 

103 *6 

80-1 

7. 

0*1144 

33 *9 

82-6 


Some bromine escaped absorption, causing the first vapour-densities 
to be too low. 
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Weight of bromine. 

Pressure. 

y.-d. 


grms. 1 

mm. 


1. 

2*640 

'764-3 

81 *0 

2. 

1*552 

452-0 * 

80*5 

3. 

0*4848 ' 

141-4 

80 *4 

4. 

0 *05933 

15-45 

90*1 


The only noticeable point in this series is the highness of the last 
vapour-density at the lowest pressure. 

A single experiment was then made in order to try the effect of 
continued heating on bromine vapour at a low pressure. After three 
hours’ heating at 78®*0 and 15*35 mm. pressure, the vapour-density 
came out abnormally high, viz., 92*6. Professor J. J. Thomson found 
vapoui'-densities 66*5 and 70 at much higher pressures and somewhat 
higher temperatures than these. 


Series III.—Temperature, 155°*5 (Bromobenzene )«5 Capacity of 
Globe, 447*1 c.c. 



Weight of bromine. 

Pressure. 

y.-d. 


grms. 

mm. 


1. 

. 2*114 

749 -0 

80*8 

2. 

1 *192 

423 -9 

80*3 

a. 

0*3309 

117-4 

80*7 

4. 

0*09833 

34-9 

80 *4 


Here there is still no sign of dissociation, and what seems some¬ 
what remarkable, even at low pressures the vapour-density is above 
the normal density. 

The pure bromine being then exhausted, a fresh sample was pre¬ 
pared from the residues and from some commercial bromine treated 
with potash; the whole was evaporated to dryness, ignited, distilled 
with sulphui'ic acid and potassium bichromate, and dried by shaking 
with sulphuric acid, allowing to stand, and re-distilling; the greater 
portion came over at 58°*9 (corrected to 760 mm.), it commenced to 
boil at 58°*55, but the boiling point soon rose to 58°*9, and then 
remained constant. 

A determination was then made of the density of bromine vapour 
as nearly as possible saturated at 15°. The globe was immersed in 
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a pan of water, and the pressure was made so near the saturation- 
pressure that the bromine took three hours to vaporise completely* 


Series IV.—Temperature, 14i°‘7—16°; Capacity of G-lobe, 446*6 c.c. 



Weight of bromine. 

Pressure. 

V.-d. 


grms. 

mm. 


1. 

0 *4125 

98-65 

80*3 

2. 

0*2661 

63-70 

80*4 

3. 

0*1355 

32-10 

81*3 

4. 

0*07205 

16-66 

83 *3 


The vapour-pressure of bromine at 16° is 138*1 mm., according to 
the tables of Professors Ramsay and Young (* Chem. Soc. Journ.,* 
vol. 49, 1886, p. 446). These results show that, on approaching the 
liquid state, bromine has no tendency to form molecules with more 
than 2 atoms. This agrees with the results of Paterno and Hasini 
(* Deutsch. Ohem. Ges, Ber.,’ vol. 21,1888, p. 2163) by Raoult’s method, 
which indicated^olecules Br 2 in aqueous and acetic acid solutions. 


Series V.—Temperature, 279°*6 (Bromonaphthalene) ; Capacity of 
Globe, 448*6 c.c. 



Weight of bromine. 

Pressure. 

V.-d. 


grms. 

mm. 


1. 

1*625 

744*7 

80-0 

2. 

0*5072 

233*2 

79*8 

3. 

0 *2138 

98 *1 

80 *0 

4. 

0 *1082 

49*45 

80 *3 

5. 

0 *04939 

21 *85 

82*9 


The temperature employed in this series was much higher than the 
temperatures used by Professor J. J. Thomson in his experiments; 
some of the pressures were much lower, and the total time of heating 
was about five hours, yet there was no sign whatever of any 
dissociation. 

Finally, an experiment was made with bromine in presence of air. 
The bromine was boiled out of the globe at exactly half the atmo¬ 
spheric pressure, and air was then slowly admitted until the pressure 
inside and out was the same. 
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Series YI.—Temperature, 132°*2 (CklorobenzeiLe) ; Capacity of Globe, 
509*2 c.c.; Yolume occupied by Bromine Yapour, 254*6 c.c. 



Weight of bromine. 

Pressure. 

Y.-d. 


grms. 

mm. , 


* 1. 

1'234 

761 *4 

80 -3 

2. 

0-6879 

892 *3 

80*5 

3. 

0-1953 

120*0 

80*6 

4. 

0-08768 

53*8 

80*7 

5. 

0-03972 

23 *0 

85 *5 


The results are negative, as before, but no doubfc dissociation would 
be produced if tbe temperature were carried bigb enougb, and I bope 
to carry on my experiments with a' modified form of apparatus until 
-dissociation takes place. I must ask my fellow-workers to kindly 
leave to me tbe completion of tkis work. 

Remarks ,—One of tbe most striking features in tbe series of 
vapour-densities is tbe invariable increase in density aklow pressures; 
tbis may be accounted for partly by tbe error unavoidable in reading 
low pressures, and partly by the irregularity in tbe position of tbe 
liquid in tbe bulb-tube G; but these errors together would never 
amount to more than 1 mm. of mercury, seldom so much. As the 
chief cause of tbe anomaly, I would suggest that a film of bromine 
may adhere to tbe glass, and thus cause tbe residual amount of 
bromine to be too large. 

Vapour-density of Iodine. 

Previous Work. —^Y. Meyer obtained vapour-densities closely corre¬ 
sponding to a molecule I-I 2 , at a temperature which be estimated at 
1570® (‘ Deutscb. Obem. Ges. Ber.,’ vol. 13,1880, p. 394). 

Crafts and Meier found a greater amount of dissociation than 
Y. Meyer at about tbe same temperature, which, however, they 
estimated at ] 890° instead of 1570°; tbe lowest vapour-density they 
obtained was 75*6 (‘Comptes Rendus,’ vol. 90,1880, p. 690). 

Deville and Troost found tbe vapour-density normal at 860° and 
1034° (‘Annales de Cbimie,’vol. 58,1860, p. 257). Crafts and Meier, in 
further experiments, obtained complete dissociation of iodine vapour, 
and they give a curve showing the amount of dissociation at different 
pressures and temperatures (‘ Comptes Rendus,* vol. 92, 1881, p. 39). 
Crafts obtained partial dissociation by a modification of Y. Meyer’s 
method (‘Comptes Rendus,’ vol. 90, 1880, p. 183). Troost obtained 
a very considerable amount of dissociation by tbe Dumas method at 
1250°; tbe lowest number obtained was 81*6; be also found tbe 

E 2 
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vapour-density at 440® and 34*6 mm. pressure to be 106*2 (‘ Oomptes 
Eendns/ vol. 91, 1880, p. 54), Tbe dissociation of iodine has thus 
been worked oat with fair completeness, although the results of 


Tio. 2. Tio. 8. 



I’orms of Apparatus used for Iodine and Aqueous Hydrochloric Acid. (Section.) 

Deville and Troost seem very mnoh at variance with, those of other 
experimenters. The object of my work was to discover the density 
of iodine vaponr as nearly as possible saturated. A modified form of 
apparatus was devised by Professor Eamsay so that the iodine could 
he conveniently introduced into the globe. The modification con¬ 
sisted of the introduction of a stopper at the neck of the globe with 
a capillary tube through the centre. The method of procedure was 
the same as with bromine, except that it was necessary to heat the 


Temperature, 131®*4 (Chlorobenzene) ; Capacity of Globe, 617*6 c.o. 
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inhe and stopcock next the gloTbe to a muck higher temperature, in 
order to volatilise the iodine; consequently there was great risk of 
cracking the stopcock, and this indeed happened several times. The 
first (tinal) series gave results which pointed towards normal 
density. 

In the next series an attempt was made to find the vapour-density 
as nearly as possible at the saturation-pressure. The vapour-pressure 
of iodine at 132° is 164*6 mm., from the results of Professors Ramsay 
and Young (‘ Ohem. Soc. Journ.,’ voL 49, 1886, p. 455), and several 
determinations were made at about this temperature and at about 
150 mm, pressure. Constant results were not obtained, although 
much time and trouble were expended on the experiments. The 
numbers obtained were:—247*6, 251*2, 204*5, and 184*9. The iodine 
was allowed to blow out until none could be seen on the bottom of 
the globe, but it was extremely difficult to decide whether it had all 
volatilised or not, and no reliance can be placed on the results, not¬ 
withstanding the close agreement of the first two numbers with 
254 (= 2 X 127). Another plan was then adopted. 

Vapour-density of Iodine from Determinations of the Velocity of Sound 

hyKundt’s Method Q Poggendorfi’s Annalen,’ vol. 135, 1868, p. 337). 

The apparatus is best understood from the diagram (fig. 4). The 
glass tube CD, about 2 feet long and f inch in diameter, was sup¬ 
ported inside a larger tube, GrH, by corks, as shown *, CD was slightly 



inclined one way, and GrBE the other. The bulb E contained chloro¬ 
benzene ; E is a condenser; AJB is a small-sized tube sealed into the 
tube CD at 0; it was enlarged at B, so as to fit the tube loosely, 
but not to touch the walls. 

Method of Procedure ,—Some solid powdered iodine was introduced 
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into the tube OD, and shaken down to the end 0. Some finely- 
divided precipitated silica was then introduced, and distributed along- 
BD. The air was expelled by heating the tube with a Bunsen’s 
burner, at the same time exhausting it by means of a water-pump ; the 
end D was then sealed off. The tube CD was then placed inside the 
wide tube GH, as shown in the figure; the chlorobenzene was boiled,, 
and when the whole tube had been heated for a few minutes, the 
projecting tube AO was rubbed with a cloth moistened with alcohol. 
The whole tube AB vibrated, the iodine vapour in BD was thrown 
into vibrations, and the silica on the lower part of the tube formed 
little heaps at the nodes, and streaks perpendicular to the length of 
the tube at the loops. The tube was then allowed to cool, withdrawn 
from the larger tube, and placed on a horizontal millimetre scale (an 
etched mirror scale was used). It was easier to determine the 
position of the loops than of the nodes when silica was used. The 
mean distance between two loops was then calculated. Similar ex¬ 
periments were made with air. 

Let li = mean distance between two loops for air. 

Zg = „ „ iodine vapour. 

= density of air. 

(Zg = „ iodine vapour. 

^ sp. heat at const, press. « ^. 

= -J :—-—--^—— for air. 

^ sp. heat at const, vol. 

&2 = „ for iodine vapour. 

Then it follows from the laws of the propagation of sound that 




Bemlts.—li found to be (1) S5*4, [(2) 35*8, (3) 86'eleven 
.eadings beiUg taken in each experiment. The mean of (2) and (3) 
:was taken as the correct value of Z^, these being the most trustworthy 
experiments. The results obtained for iodine vapour are here^ 
tabulated:— 



Zg. 

Kumber of 
readings. 

y.-d. 

1. 

15*23 

11 

132*0 

2. 

14*94 

12 

137*4 

3. 

11 *68 

10 

126*3 

4. 

11 *52 

10 

129*7 

5. 

11 *75 

9 

124*7 
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Experiinents (1) and (2) are not reliable, as tbe vibrating glass 
tube gave a difEerent note from tbat produced in tbe experiments on 
air; it gave one of two notes, according to tbe way in which it 
was clamped. The interval between these notes was estimated by ear 
as a fourth, but it could not be determined accurately owing to the 
highness of the notes, which appeared also to vary slightly in pitch. 
The mean of experiments (3), (4), and (5) is 126*9. In the calenla- 
tion, hi was taken as 1*405 (RSntgen), and ha as 1*31 (Strecker). These 
results show conclusively that saturated iodine vapour, and therefore 
liquid iodine also, are composed of diatomic molecules, Ig. This 
result agrees with the late work of Ernst Beckmann (‘ Zeitschrift 
fiir Physikal. Ohem.,’ vol. 5, 1890, p. 76) on the molecular weight of 
iodine in solution in ether and carbon bisulphide; the numbers varied 
from 235 to 261 for solutions in ether, and from 263 to 283 for solu¬ 
tions in carbon bisulphide. 

A single experiment was performed with bromine in the same 
manner; the mean distance between the heaps of silica was 12*22 mm. 
at a temperature of about 29°. Compared with air at the same tem¬ 
perature, this gives a vapour-density 85*05. This points to a normal 
density, as would be expected. There was considemble uncertainty 
as to the temperature, because no heaps were formed while the bro¬ 
mine vapour was saturated, and the tube was therefore heated with a 
Bunsen’s burner. Iodine vapour refused to give heaps in the same 
way when left long enough in contact with liquid iodine to become 
saturated. It was predicted by Professor Fitzgerald, in a private 
letter to Professor Ramsay, that sound would not be propagated 
through saturated vapour, because the rate of propagation of a com¬ 
pression would not be the same as that of an expansion, owing to the 
difference in elasticity in the two cases. Either the expansion or the 
compression of a sound-wave would produce condensation in any 
saturated vapour; in the case of saturated steam, expansion causes 
condensation, except at high temperatures (above the “ temperature 
of inversion ”). At present there are not sufficient data to calculate 
the effect of a wave of compression or expansion upon saturated 
iodine vapour; but condensation would take place either during a 
compression or an expansion, and the ratio dpjdv —and therefore the 
elasticity, v dpjdv —would be quite different in the two cases. The 
sound-waves would interfere with one another, and become confused, 
so that no sound would be propagated through the vapour. 

Induction Bparh through Iodine Vapour ,—^An experiment was then 
made to determine if the passage of the induction spark through 
iodine vapour effected its dissociation. Professor J. J. Thomson 
obtained vapour-densities 137 and 130 for unsparked iodine, and 110, 
115, 84, and 86 for sparked iodine, the last vapour-density being 
determined twenty-four hours after sparking. Professor Thomson 
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says (‘Eoy. Soo. Proo.,’ voL 42, 1887, p. 344), “The appearance of 
the dissociated iodine is not greatly diferent from that of the 
nnsparked; its colour, however, is, I think, a little lighter, and not so 
uniform. I was not able to detect any change in the absorption- 
spectrum produced by the sparking. The electric strength of the 
sparked gas was, however, less than that of the nnsparked.’^ The 
same apparatus was used, platinum wires being fused into the glass 
(see fig. 4). The jacket used was methyl salicylate vapour, tempera¬ 
ture 223°*5; the iodine was boiled out at the atmospheric pressure, 
and the tube then sealed at D, The mean distance between the heaps 
without sparking was 14*24 mm., and after sparking for fifteen 
minutes, and cooling for three minutes (to allow the vapour to regain 
the temperature of the jacket), the mean distance was 14*3 mm. 
Another experiment was then made, so that the heaps were formed 
.during the sparking; the mean distance between the heaps was 
14*2 mm. on the side of the piston near the vibrator, and 14*4 mm. 
on the other side; the difference is probably due to the heating effect 
•of the induction sparks. 

The results may be tabulated thus:— 

Mean distance between heaps. 

t - 

Sefore sparkin’g. After sparking. JDuring sparking. 

14*24 14*3 14*2 

14*4 

Suppose that complete dissociation of the iodine vapour took place 
on sparking, then the pressure would be doubled, and therefore the 
elasticity would be doubled; but the density (taking no account of 
the pressure) would remain unaltered. 

Let Vi = velocity of sound in the undissociated iodine vapour. 

„ completely dissociated ditto. 

e = elasticity of the undissociated vapour. 
d = density of the iodine vapour (same in both cases). 

Thea ' Ci = /y/i, 

and 'Vt' 

But the distance between the heaps of silica (half a wave-length) 
is directly proportional to the velocity of sound in the vapour; there¬ 
fore, if any dissociation took place, there would be a marked increase 
in the distance between the heaps on sparking. 

The results given above agree within the limits of the errors of 
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•experiment, and it is concluded, therefore, that sparking does not 
produce any permanent dissociation, although very probably a 
momentary dissociation is caused near the terminals when a spark 
passes. The length of the spark in the iodine vapour was about 
1 inch; the coil was capable of giving a 3-inch spark in air. By 
opening the tube under water, it was found to contain about 5 per 
cent, of air ; this would tend to aid dissociation, and would in no way 
lessen the value of the experiment, 

The probable experimental error was about 1 per cent,, and was 
caused by the difficulty in reading the distance between the loops as 
indicated by the arrangement of the silica. 

Vapour-density of Sulphurio Anhydride. 

The apparatus used to determine the vapour-density of sulphuric 
anhydride was similar to that used for iodine. The only work 
that has been done on this subject is apparently that by Schultz- 
Sellack Q PoggendorfE’s Annalen,' voL 139, 1870, p. 480) and 
Mitscherlich (‘Watts’s Dictionary’), who both found the vapour- 
density normal. Some of the trioxide was introduced into a small 
flask, the neck of which was then sealed on to the tube from the 
inner globe; it was then sublimed into the globe, which had been 
previously exhausted, by heating the flask. The vapour-density was 
then determined in the usual way. The trioxide was absorbed by 
water, and estimated by means of a standard ammonia solution. 
Using cochineal as indicator, it was found possible to titrate accu¬ 
rately to one drop of a decinormal solution in the following way:— 
The relative value of seminormal (approximately) solutions of acid 
and ammonia was found, and these solutions were then diluted to 
decinormal strength; a neutral solution was then made by using 
decinormal acid and ammonia in the proportion found for the semi¬ 
normal solutions, and this was used as a standard neutral solution, 
with which the solutions titrated were compared. The chief difficulty 
was the formation of sulphuric acid above the stopcock; it was 
partially obviated by introducing a horizontal bulb-tube above the 
stopcock—this retained most of the acid. Only one series of experi- 
■ ments was made; the first result is very nearly at saturation-pres¬ 
sure. 



Temperature. 

Weight of SO3. 

Pressure. 

T.-d. 


o 

grms. 

mm. 


1. 

22-1 

0-1281 

66-7 

40-9 

2. 

22*7 

0-08754 

40-6 

39-2 

3. 

22 *8 

0-04876 

22-1 

Calc, normal. 
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It was useless to estimate tjie residual amount of trioxide, as sul¬ 
phuric acid had collected in the lower part of the globe while the 
trioxide was being sublimed into it. The vapour-density at the 
lowest pressure was therefore assumed to be normal (corresponding 
to SO 3 ), as it would be in all probability, and on this assumption the 
other vapour-densities are also normal. If the third vapoui^-density 
wex"e actually above normal, the second would be less above normal, 
and the first still less; while, if the third vapour-density were actually 
below normal, the others would also be below normal; these alterna¬ 
tives are very improbable, and I regard it as fairly pi'oved that the 
formula of sulphuric anhydride is SO 3 , and not S^Og. 

Vapour-density of Aqueous Syd/rochlorio Acid. 

Commercial hydrochloric acid was distilled until the boiling point 
became constant, at 108*2° (pressure, 745 mm.). The distillate was 
then collected and used for vapour-density determinations; to find 
the percentage of real acid, weighed quantities were titrated with a 
standard soda solution. The acid used in Series I contained 
20*82 per cent. HCl; that in Series 11, 21*33 per cent.; and Series III, 
20*45 per cent. The last two samples were distilled from pure acid. 
The vapour-density was found by means of the apparatus used for 
iodine. The acid coming Over on lowering the pressure was absorbed 
by a standard soda solution in the absorption-tube 5 much of it, how¬ 
ever, condensed above the stopcock, and caused some diflSculty. 


Results. 


Series. 

Tempera¬ 

ture. 

Capacity 
of globe. 

Weight of 
Roland 

H 3 O. 

Pressure. 

y.-d. 

Theoreti¬ 
cal V.-d. 



c.c. 

grms. 

mm. 




131 

609 -2 

0*3004 

741*8 

10*01 

10-06 

1 . 

132*7 

649*2 

0-3502 

773-5 

8*81 





0*3038 

675-1 

10*30 





0*1495 

324*4 

8*96 





0*06035 

126*5 

9*28 


II. 

132 *2 ^ 

53Y 0 ' 

0 *3204 

762*0 

9*88 

10 *09 




0 *2349 

580 *9 

9*50 





0*1742 

428 7 

— 

99 




0*07778 

191*4 

9*54 

99 

III. 

131*5 

354-9 

0*2134 

747*8 

10 *12 

10 *04 




0*1621 

573*8 

10 *02 

99 




0*1027 

357 1 

10*20 

39 




0 *04629 

146*4 

11*22 

99 
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There was some loss in. Series I and II in removing the acid from 
above the stopcock; this was done by aspirating air through the tube, 
which was heated by a Bunsen’s burner, and absorbing the acid in a 
soda solution; but an acid fume was formed, which refused to be 
absorbed. In Series III, the apparatus with the jacketed stopcock 
was used, and the acid which collected above the stopcock was 
washed out. The vapour-density in the extreme right-hand column 
is calculated for a mixture of hydrochloric acid and water in the pro¬ 
portions found by titration. These results show that no compound of 
acid and water is formed, at least at the temperature employed; they 
confirm the results of Bineau, who found a vapour-density 10*04 at 
the atmospheric pressure Annales de Ohimie,’ vol. 7, 1843, p. 257). 


III. On Barometric Oscillations during Thunderstorms, and on 
the Brontometer, an Instrument designed to facilitate their 
Study,” By G. J. Symons, F.R.S. Received April 24, 
1890. 

The fact that a rise of the barometer occurs during thunderstorms 
has been supposed by many to be newly discovered through the 
general establishment of self-recording barometers ; but Br. Hellmann 
has shown that it was noticed by J. J. Planer as far back as 1782. 
In 1784, Rosenthal epitomised the facts as follows:—‘‘When a 
thunderstorm approaches the place where a barometer is situated, 
the mercury in the tube begins to rise; the nearer the thunder-cloud 
comes to the zenith of the observer, the higher does the mercury rise, 
and it reaches its highest point when the storm is at the least distance 
from the observer. As soon, however, as the cloud has passed the 
zenith, or has become more distant from the observer, the weight of 
. the atmosphere begins to decrease and the mercury to fall.” A few 
years later, Toaldo determined the amount of the rise in several 
storms, and found it to be between 1 and 2 lines (0*09 in. to 0*18 in.). 

Professor Strehlke (in 1827-30) made several sets of observations, 
and found the rise to be from 0*04 in. to 0*06 in., and was probably 
the fibrst to point out that the highest point of the barometer is not 
absolutely synchronous with the passage %f the centre of the storm- 
cloud, but seems rather to be always at a certain distance from it. 

Kaemtz, in his ‘ Lehrbnch ’ (1832), suggests that the rise is pro¬ 
duced by the inrush of air towards the site of the storm, this accu¬ 
mulation causing the rise of the barometer as the storm nears the 
zenith. 

Although liiike Howard had a recording barometer at work in the 
early part of this century, he seems to have failed to notice the 
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phenomenon; and no one in England seems to have been aware of it 
until the photographic barometer was started at the Radcliffe Obser¬ 
vatory, Oxford. Manael Johnson, when describing the new instru¬ 
ments at the British Association meeting at Glasgow, in 1865, 
said:— 

‘‘Among the most remarkable results is a sudden rise of the 
barometer, amounting to 0*035 in., and an increase of temperature of 
1°, coincident with the occurrence of a thunder clap which struck 
one of the churches in Oxford, July 14ith, 1855. A similar pho- 
nomenon took place during a thunderstorm on August 23rd, when 
the rise of the barometer was still greater, amounting to 0*049 in;,, 
though the thunder clap coincident with this rise was distant.’^ 

Mr. Johnson returned, to the subject in the volume of ‘ Radcliffe 
Observations ’ for 1857, and gave reproductions of fourteen barograms, 
but the scale is so compressed (only \ in. per hour, and 1^ in. per 
inch of mercury) that not much is to be learned from them beyond 
the fact of falls occurring of 0*037 in., 0*040 in., and 0*046 in., and a 
rise of 0*070 in.; the notes on the storms are also too vague to be 
useful. It may, however, be well to quote the conclusion at which 
Mr. Johnson arrived, viz.:— 

“ A comparison of these notes with the accompanying illustrations 
cannot, in my opinion, fail to lead to the inference that the disturb¬ 
ances exhibited both on the barometric and the thermometric curves 
(especially the former) are caused by the presence of electricity in 
the atmosphere, of which we had on these occasions sensible proof. 
But they are the more interesting, from the circumstance that 
similar disturbances occur not unfrequently when there has been no 
overt manifestation of that agency j especially during the winter 
months, when, according to the concurrent testimony of all observers, 
atmospheric electricity is most abundant.’’ 

The next observation of importance is one quoted by Le Yerrier, 
as reported to him by the observer, M. Goullon, Our6 of Saint-Ruffine 
(Moselle). He had two barometers, a mercurial and an aneroid. On 
the morning of February 5th, 1866, the weather being stormy with 
heavy rain, wind S.W., moderate, but not squally, he had just set and 
read his barometers, when there was a solitary loud clap of thunder, 
and instantly both his barometers rose 2 mm. (0*08 in.). 

The Hon. Ralph Abercrofnby began studying these oscillations in 
1868, and in 1875 summed up the results in the following sentences, 
one descriptive, the other explanatory:— 

“ There are two classes of storm in this country: in the one the 
barometer rises, in the other it falls. In the case in which it rises, 
the sequence of weather is somewhat as follows:—^After the sky has 
become overcast, the wind hushed to an ominous silence, and the clouds 
seem to have lost their motion, the barometer begins to rise suddenly. 
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In tlie middle of this rise, sudden heavy rain begins. After a few 
minutes the rain, with or without thunder and wind, becomes a little 
less heavy, and the barometer sometimes falls a little. The rain 
then continues till the end of the squall, and as it stops the barometer 
returns to its original level. In Great Britain the rise rarely exceeds 
0*10 in., or lasts more than two hours. These, rises are always 
superadded to a more general rise or fall of the barometer, due either 
to a cyclone or to one of the small secondaries which are formed on 
the side of one. During some rises the wind^ remains unchanged; 
with others there is a more or less complete rotation of the wind. In 
all cases the disturbance seems to be confined to the lower strata of 
the atmosphere.’’ Since the rise is always under the visible 

storm, it is propagated at the same rate and in the same manner as 
the thunderstorm. Enough is known of the course of the latter Tor 
it to be certain that they are not propagated like waves or ripples, 
and hence these small barometric rises are not due to aerial waves, as 
has been suggested. Since their general character is the same 
whether there is thunder or not, it is evident that electricity, even of 
that intensity which is discharged disruptively, is not the cause of 
the rise. If we look at a squall from a distance, we always see 
cumulus above it, which is harder or more intense in the front than 
in the rear of the squall. Since cumulus is the condensed summit of 
an ascensional column of air, it is evident that the barometric rise 
takes place under an uptake of air. If we consider further that a 
light ascensional current would give rise simply to an overcast sky, a 
stronger one to rain, while a still more violent one would project the 
air suddenly into a region so cold and dry that the resulting elec¬ 
tricity would be discharged disruptively as lightning, the foregoing 
observations show that the greatest rise is under the greatest ugtahe. 
Our knowledge of the mechanics of fluid motion is still too unsettled 
for us to say with certainty whether or not an ascensional current of 
air would have a reaction backwards, like a jet of air issuing from an 
orifice.*’ 

Professor Mascart also, in 1879, expressed the opinion that elec¬ 
tricity had nothing to do with these oscillations, but suggested quite 
a different explanation. Premising that they are not produced by all 
heavy rains, but only when heavy showers fall during bright weather, 
he^uggested that at such times rain falls‘through non-saturated air, 
where it would evaporate freely, and so produce a local increase of 
pressure which in certain thunder-rains might amount to 2 mm. 
(0*08 in.). He explained the diminution of pressure which some¬ 
times occurs, by the reversed phenomenon ; he considered that 
thunderstorms are formed locally, and suggested that the condensa¬ 
tion of masses of vapour into rain drops ought to produce a diminu¬ 
tion of pressure. 
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M. Teissereno de Bort and Mr. Budd Liaye suggested that the rise 
may be due to the local compression of the air by the multitude of 
falling rain drops. 

In the * Annales * of the French Meteorological Office for 1880, 
M. Eenou gives reproductions of some barograms from the Obser- 
yatory at Parc St.-Maur. A yery interesting one is reproduced in 
fig. 1. M. Eenou does not append any remarks to the plate; but 

Pig. 1. 


30 0 

23 9 

99 8 

99 7 

99 6 


Parc St.-Maur, Paris, August, ia78. 

from other sources it appears that there was a heayy thunderstorffi 
from 10 till 11 p.m. on August 18th, 1878. The total rise may be 
taken as OTO in. and the fall as nearly 0T5 in. 

Dr. Fines, of Perpignan, established a Eedier barograph in 1875, 
and in a memoir published in 1883 giyes reproductions of the traces 
during several storms. He states that, considering the present im¬ 
perfect knowledge of the real conditions and origin of thunderstorms, 
it seems useless to try to explain records frequently infiuenced by 
very distant storms. One fact, howeyer, is certain, that thunder¬ 
storms are accompanied by great condensation, which must cause 
variations in the density of the air, and therefore should affiect the 
barometer. He gives 0T44 in. in 20 minutes as the greatest varia¬ 
tion, but says that it rarely exceeds 2 mm. or 3 mm. (0*08 in.^or 
0*12 in.) in an hour. The only facts which are certain from the 
records at Perpignan are that there is usually (1) before heayy rain, 
decrease of pressure and temperature; (2) with the rain, sudden 
increase of wind, rapid rise of barometer, and fall of temperature; 
(3) at the end of the storm-rain, reyersal of the last three phe¬ 
nomena. 

Dr. Giro I'errari, who has devoted great attention to the progress 
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and oliaracter of the tliunderstorms of [N’orth Italy, considers tlie rise 
due to secondaries on the skirts of cyclones. 

Professor Bornstein regards tliem as due to temperature cEakiges 
not reaching to the upper strata of the atmosphere, in which vie# he 
has partly the support of Professor Perrel. 

Professor Klossovsky, of Odessa,.says that, “Every storm, whether 
with or without hail, is accompanied by barometric oscillation.” If by 
this phrase he means oscillations like those observed in other , j^arts 
of Europe, the phenomena must be di-fferent in Southern Bussia, for 
one of the difficulties in London, for eicample, is that .they do not 
occur with all storms, but only with some. 

In the Annuaire ^ of the Montsouris Observatory foi^ 1889, M. 
Descroix, when referring to .thi® subject,; gives a barogram- for 
August 15th, 1888, which, ,with the, accompanying notes, is so 
typical that it is reproduced (reduced to the same scale as the others) 
in fig. 2. 


Pig. 2. 



Montsouris, Paris, August, 1S88. 


It will be noticed that several of the opinions above quoted are 
contradictory, and it is not known that any one explanation is 
generally accepted. 

The author was much struck by the remarkable curve given by 
his Redier barograph on the evening of August 2nd, 1879, and still 
more so when he found that the curve from a similar instrument at 
Messrs. Lund and Blockley’s, in Pall Mall, 2| miles S. by W. from 
his own instrument, was nearly identical (figs. 3 and 4), and he has 
long desired to investigate the subject. At last, in 1886, he definitely 
decided upon the phenomena which he considered it necessary to 
record mechanically. The author had read the description of Sir 
Francis Bonalds’s storm clock, and the objects being similar, that 
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description was useful, tliongli the completed apparatus has scarcely 
one feature which even reseuihles Sir Francis’s. 

Before descrihing the instrument, the author considers it only fair 
to MM. Bichard Frdres, to state that not only has the apparatus been 
constructed, but almost wholly invented, by them; the author decided 
upon what the instrument was to do, and upon the scales required, 
but he left the whole constructional details to MM. Bichard, and 
considers the result a great credit to the firm. 

As the primary object of the instrument* is the study of the 
phenomena of thunderstorms, it has, for brevity, been termed a 
Brontometer, or Thunderstorm-measurer. 

* Other uses for it are abeady apparent. 
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It is provided witli endless paper, 12 in, wide, travelling under the 
varioTLS recording pens at the rate of 1*2 in. per minute, or 6 ft. per 
hour. This is about 160 times faster than is usual in meteorological 
instruments, and enables the time of any phenomenon to be read ofE 
with certainty to a single second of time. ■ 

The traces are made in aniline ink by a series of seven Richard 
pens. 

The first pen is driven by the clock which feeds the paper, so that 
the time scale and the paper must go together. The pen usually 
produces a straight line, which serves as the base line for all measure¬ 
ments, but at 56 seconds after each minute the pen begins to go, at 
an angle of about 45°, ono-tenth of an inch to the left, and at the 
sixtieth second it fl.ies back to its original position. 

The second pen is driven by one of Richard’s Anemo-cinemographs, 
a name which they have given to a pattern of anemometer not yet 
known in England. The external portion has some resemblance to 
the ordinary windmill governor, but it differs from it in that the 
plates are curved, not flat; they are made of aluminium, and are so 
light that they have little momentum, and have thus a great advant¬ 
age over cups, which run on for many seconds after the wind force 
has decreased or ceased. The fans make one revolution for each 
metre of wind that passes, and send an electric current to the 
brontometer, where it acts on an electro-magnet, and tends to draw 
this (2nd) pen towards the left; but a train of clockwork is constantly 
ten^ng to draw the pen to the right, the joint result being that the 
pen continuously shows, not the total motion (as is the case with most 
anemometers), but the actual velocity almost second by second. It 
does this certainly with an error of less than five seconds, for the 
fans will stop dead in less than that time, and the clockwork train 
will bring the pen from indicating a velocity of 70 miles an hour to 
20 miles an hour in three seconds, and down to a dead calm in seven 
seconds. The trace will thus resemble that of a pressure anemometer, 
but with a much more open scale than was ever before available. 

The third pen is actuated by a handle, and can be set at zero or at 
1, 2, 3, or 4 spaces from it. The author’s original idea was, partly 
by watching a storm-rain-gauge, and partly by estimation, to decide 
on the intensity of the rain and to indicate that intensity by moving 
the pen further and further ’from zero as the fall becomes heavier. 
Experience alone will show whether that is, or is not, superior to 
moving it one step for each Y^Tjth of an inch of fallen rain, which can 
be done by making a Orosley rain-gauge send a current into the room 
where the brontometer is placed, and strike a bell there. In a heavy 
storm there will, however, be so much for the observer to do, that 
very probably count would be lost. It may, therefore, be necessary 
to make it act automatically. 

VOL. XLYIII. F 
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The fourth pen is actuated somewhat like a piano. On the occur¬ 
rence of a flash of lightning, the observer presses a key, the pen 
travels slightly to the right, and flies back to zero, Referred to the 
automatic time-scale, this gives, to a second, the time at which the 
key was depressed. 

The fifth pen is similar, but, being intended to'record the thunder, 
the observer will continue to hold down the key until the roll is in¬ 
audible. The time of the departure of this pen from zero will 
evidently be later than that for the lightning by the time-interval 
due to the distance of the flash, and possibly something may be 
learned from the accurate record of the duration of the thunder. 

The sixth pen is similar to the third, and is intended to record the 
time, duration, and intensity of hail. 

The seventh and last pen is devoted to an automatic record of 
atmospheric pressure. As the rapid motion of the paper, which is 
indispensable for studying tlie details of a thunderstorm, has enlarged 
the time-scale more than a hundredfold, it was imperative that the 
barometric scale should itself be greatly enlarged. But the range of 
the barometer in London is more than 2^ in., and no enlargement less 
than ten times the natural (mercurial) scale would be of any use; 
hence a breadth of 25 in. of paper would be necessary, unless some 
mode of shifting the indication could be devised. 

Several plans were tried, but finally a modification of Riobard’s 
statoscope has been adopted, which is so sensitive that it will indicate 
the opening or shutting of a door in any part of the house, gives a 
scale of 30 in. for each mercurial inch about three times that of 
a glycerine barometer), and yet only requires 4 in. breadth of the 
ferontometer paper. Without entering into all the details of con¬ 
struction, it is desirable to explain the general principle, and its 
application. As it was essential that the apparatus should record 
accurately to 0*001 in. of mercurial barometric pressure, it was 
evident that friction had to be reduced to a minimum, and consider¬ 
able motive power provided. This is done by placing in the base of 
the brontometer a galvanized iron chamber, which contains about 
31 cubic feet of air; on the upper part are a series of elastic chambers, 
similar to the vacuum boxes of aneroid barometers, but much larger. 

When the instrument is to be put in action, these chambers are 
connected with the large air-chamber, atnd a tap is closed which shuts 
off commnnication with the external air* Any subsequent increase, 
or decrease, of atmospheric pressure will compress or allow to dilate 
the air in these chambers, and the motion of the elastic ones produces 
that of the recording pen. 

Obviously, any large change in the temperature of the confined 
air would vitiate the readings; hut (1) the instrument is not required 
to give absolute, but merely differential, values, and (2) the influence 
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of the changes of temperature is greatly reduced by the chamber 
being surrounded with 4 in. thick of non-conducting material, besides 
nea^rly 1 in. of wood outside of it. The change of temperature in 
a room, and during the short time that the statoscope will be worked 
without resetting to zero (i.e., without opening the tap), has not 
hitherto produced any measurable effect. 

The author hopes, in a subsequent paper, to have the honour of 
laying before the Society the results obtained from this novel 
apparatus. 


Appendix. 

List of some Papers and Memoirs on the subject of the Paper. 

Planes, J. J. “Obs. Oscillationis Mercurii in Tubo Torricelliano Erfordise 
institula.** ‘Acta Acad. Moguntinse/ 1782-3, 

Rosenthal, Q-. E. [“ Merkmale fur das Herannahen d. Q-ewitter.”] 

‘ Mag. Neueste Pbysik,* vol. 4, Part 1,1786‘. 
Toaldo, Gr. “ Dei moti del Barometro nei Temporali.*’ 

‘ G-iornale Astro-Mefeeorologico,’ 1794. 
(The note is dated April 3rd, 1795 j see also his collected works—‘ Completa 
Baceolta, &c.,* Venezia, 4 toIs., 8vo., 1802, vol. 3, p. 104, and vol. 4, p. 41.) 
Ebenzel, E. C. [“ VerS-nderung d. Barometerstandes bei Q-ewittem.”] 

G-ren’s ‘Keues eTournal der Physik,* vol. 4 (1797), p. 250. 
Gbonau, K. L. “ XJeber die Gewitter in den Gegenden von Berlin.” 

‘ Schweigger’s Journal,’ vol. 31 (1821), p. 128. 
Strbhlkb, P. “ TJeber d. Einfluss d. Gewitter auf den Barometerstand.” 

* Poggendorff’s Annalen,’ vol. 19 (1830), p. 148. 
Eaemtz, I/. E. ‘Lehrbuch der Meteorologie,* vol. 1 (1831), p. 351. 

Johnson, M. J. “ On the Detection and Measurement of Atmospheric Electricity 
by the Phpto-barograph and Thermograph.” 

‘ British Assoc. Report,’ 1855, Part II, p. 40. 

-‘Meteorological Observations made at the Radcliffe Observatory, Oxford,^ 

1857, p. 34. 

Goullon. ;fil4vation brusque du Barom^tre pendant un Coup de Tonn^rre.” 

* Bulletin International,’ Mars 21,1866. 
■Whitehousb, W. “ On a new Instrument for recording minute Variations of 
Atmospheric Pressure.” ‘ Roy. Soo. Proc.,’ vol. 19 (1871), p. 491. 

ABBECEoaiBV, Hon. R. “ On the Barometric Fluctuations in Squalls and Thnnder- 
storms.” ‘ Meteor. Soc. Quart. Joum.,’ vol. 2 (1875), p. 450. 

Fines. Oourhes du Barographe Redier k Perpignan pendant les Orages des 7 et 
11 Juillet, 1877.” ‘ Quinzaine M4t4orologique,* 1877, p. 66. 

Masoabt, E. “ Sur I’Inscription des Phenomfenes M4t4orologiques, en particulier 
de I’Electricit^ et de la Pression.” 

‘Journal de Physique,’ vol. 8 (1879), p. 329j and ‘ Annuaire de 
' la Soc. Met. de BVance,’ vol. 28 (1879), p. 7. 

ScHBNZL, G. “ Ungewitter vom 23 Februar, 1879.” 

‘ Zeits. d. Oesterr. Gesells. f. Meteor.,* vol. 14 (1879), p. 146. 
Renou, E. [[Diagrams only.] 

‘ Annales du Bureau Central M4t4or.,* 1880, Part I. 
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I'iNBS. Olimatologie du EoiisiUon/’ 

* Annales du Bureau Central M^t^oi'./ 1881, Part I, B. 118. 
Assmink. [Interesting reproductions of tlie Magdeburg barograph curves are given 
in the ‘Jahrb. der Meteor, Beob* der Wetterwarto der Magdeburgischen 
" Zeitung,’ Jahr. 1—6, Magdeburg, 1883-87.] 

Koppbn. “ Ueber Barometerschwankungen beim C-ewitter.” 

‘Tageblatt der 67 Naturforsohorversammlung zu Magdeburg,’ 1884, p. 301. 
HBLniWAiTir, Q-. " Eine historisohe Bemerkung.” 

^ Zeits. d. Oesterr. G-esells. £. Meteor.,’ vol. 19 (1884), p. 43. 
Bezoxd, W. toi?', “Ueber die Yertheilung des Luftdruckes und der Temperatur 
wahrend grSsserer Q-ewitter.” 

‘Zeits. d. Oesterr. Q-esells. f. Meteor,,’ vol. 19 (1884), p. 281. 
SoHoiTBOOE, A. “ Ueber Kleine unregelmSssige Schwankungen des Luftdruckes 
nach den Aufzeichnungen des Barographen.” 

‘ Zeits. d. Oesterr. G-esells. f. Meteor.,’ vol. 19 (1884), p. 396. 
Eeebaei, 0. “ Ueber die Yertheilung des Luftdruckes und der Temperatur bei 
Oewittern.” ‘ Zeits. d. Oesterr. Gl-esells. f. Meteor.,’ vol. 19 (1884), p. 426. 

-“ Andamento tipico dei Registratori durante un Temporale.” 

‘ Annali Meteorologia Italiana,’ vol. 7 (1885), Part I, p. [66], 
— “ Ueber die Kriimmung der Barometer-curve wahrend des Oewitters.” 

‘Das Wetter,’ vol. 1 (1885), p. 136. 

ScHoNBOOK, A, “ Ueber kleine unregelmassige Barometer-Sehwankungen,” 

‘ Wild’s Eepertorium,’ vol. 9 (1885), Ro. 8. 
KxossoTSKr, A. ‘ Les Orages en Russie.’ Odessa, 1886. 

BoBiysTBiJsr, R. “ Die G-ewitter vom 13—17 Juli, 1884, in Deutschland.” 

‘Zeits. 1 Meteor.,’ vol. 22 (1887), p. 443. 
Less, E. “Ueber kurze Luftdrueksohwankungen, welche in Begleitung starker 
Blitzsohiage auftreten.” ‘Zeits. f. Meteor,,’ vol. 23 (1888), p. 161. 

Dbsoboix, L. “ Ph4nom^neB accidentels . . . . k Montsouris en 1888.” 

‘Ann. de I’Obs. de Montsouris pour 1889,* p. 195, 
Pebebl, W. * A Popular Treatise on the Winds,’ 1889. 


IV, “ On the Heating Effects of Electric Currents. No. IV,” 
By William Henry Preece, P.R.S. Received April 22, 
1890, 

The Society adjourned over Ascension Day to Thursday, May 22, 


Presenfs, May 8, 1890. 
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College. Bulletin. YoL XVL No. 7. 8vo. Cambridge 1890. 

The Museum, 

Glasgow:—Scottish Society of Literature and Art. Calendar. 

1889-90. 8vo. Glasgow, The Society. 

Li6ge;—Societe Geologique de Belgique. Annales. Tomes lY—Y, 
8vo. Liege 1877-78. The Society. 

London:—Institute of Chemistry of Great Britain and Ireland. 
Begister of Fellows and Associates, 1890. 8vo. London, 

The Institute. 

New Athenseum Club- List of Members and Buies. 12mo. 

London 1890. The Club. 

Boyal Statistical Society. JournaL Yol. LIII. Part 1^ 8vo. 
London 1890. The Society. 

New YorK:—^American Geographical Society. Bulletin. Yol. XXI. 
Supplement. 8vo. l^ew York 1889; Yol. XXII- No. 1. 8vo. 
New York 1890. The Society. 

Orthopaedic Dispensary and Hospital. Annual Beport. 1889. 
8 VO. INew York] 1890. The Trustees. 

Odessa:—Society des Naturalistes de la Nouvelle-Bussie. 
Memoires. Tome XIY. Partie I. 8vo. Odessa 1889. 

The Society. 

Oxford:—Badcliffe Library. Catalogue of Books added, 1889. 

4to. OiXiford 1890. The Library. 

Borne:—^Accademia Pontificia de’ Nuovi Lincei. Atti. Anno XLII. 
Sessione 1-2. 4to. Boma 1889. The Academy. 


Obsei’vations and Beports. 

Berlin:—K. Sternwarte. Berliner Astronomisches Jahrbuch fiir 
1892. 8vo. Berlin 1890, The Observatoiy. 

Calcutta:—^Archaeological Survey of India, The Sharqi Archi¬ 
tecture of Jaunpur. 4to. Calcutta 1889. The Survey. 

Geological Survey of India. Memoirs. Ser. 13. Yol. lY. 
Part I, 4to. Calcutta 1889 ; Becords. Yol. XXIXL Part I. 
8vo, Calcutta 1890. The Survey. 

Canada:—Geological and Natural History Survey of Canada. 

Contributions to the Micro-Palseontology of the Cambro- 
Silurian Bocks of Canada. By A. H. Foord. Svo. Ottmoa 
1888. With Two Maps to accompany the Annual Beport, 
1887. The Survey. 

Columbus:—Ohio Meteorological Bureau. Beport. February, 1890, 

8vo. Columbus, The Bureau. 

London:—Meteorological Office. Weekly Weather Report. 
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Observations, &c. {coniimieSi). 
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1890; Appendices and Title to Weekly Weather Repoi't, 1889. 
4to. London; Summary of Observations made at the Stations 
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to December, 1889. 4to. London ; Quarterly Weather Report. 
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ment to Charts showing the mean Barometrical Pressure over 
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[1889]. The Office, 

Marseilles:—Commission de Met6orologie du D^partement des 
BQUches-du-Rhdne. Bulletin Annuel, Aun6e 1888. 4to. 

Mon'seille 1889. The Commission. 

Melbourne:—Observatory.. Results of Astronomical Observations 

made 1881-84. 8vo. Melbourne 1888; Second Melbourne 
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Melbourne 1889. The Observatory. 

Paris:—Service Hydrom^trique du Bassin de la Seine. Resume 
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Vmcdlles 1889; Observations snr les C6urs d’Eau et la Pluie, 
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Washington:—XT, S. Geological Survey, Atlas to Accompany a 
Monograph on the Geology of the Quicksilver Deposits of the 
Pacific Slope. By G. P. Becker. Polio, Washington 1887. 
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It 


May 22, 1890. 

Sir G. GABRIEL STOKES, Bart., President, in the Chair. 

The Presents received were laid on the table, and thanks ordered 
for them. 

The following Papers were read:— 

I. A Contribution to the Etiology of Diphtheria.”* By 
E. Klein, M-D., F.R.S. Received April 25, 1890. 

The microbe, which was first described by Klebs (at the Wiesbaden 
Congress in 1883), then isolated and grown in artificial caltnres by 
Loffler (‘Mitth. aus dem K. Gesundheitsamte,’ vol. 2) from human 
diphtheritic membrane, was shown by this observer to act virulently 
on various animals. The Klebs-Loffler bacillus—by which name the 
diphtheria microbe is known—-is the one with which also Roux and 
Yersin (* Annales de ITnstitut Pasteur,’ vol. 2,1888, No. 12) obtained 
positive results on guinea-pigs. 

In the Reports of the Metdcal Officer of the Local Government 
Board for 1888-1889 and 1889-1890, I have shown that there occur 
in diphtheritic membranes two species of bacilli, very similar in 
morphological respects, and also in cultures on serum and on agar, 
but diffiering from one another in this, that one species, Klebs-Loffler 
bacillus No. 1, is not constant in diphtheritic membranes, does not 
grow on solid gelatine at 19—20'’ C., and does not act pathogenioally 
on animals; the other species, Klebs-Loffler bacillus No, 2, is constant 
in diphtheritic membranes, in fact is present even in the deeper layers 
of the membranes in great masses and almost in pure culture, acts 
very virulently on animals, and grows well on gelatine at 19—20° G. 
Loffler, and after him other observers (Pliigge, ® Die Mikroorganismen,’ 
1886), considered it as a character of the diphtheria bacillus that it 
does not grow on gelatine below 22° 0., but this character, though 
true of the Klebs-Loffler species No, 1, does not appertain to the 
diphtheria bacillus species No. 2. In fact, there is no difficulty in 
obtaining pure cultures of this bacillus on gelatine if a particle of 
diphtheritic membrane be taken and well shaken in two or three 
successive lots of sterile salt solution, and from the last lot plate 

* This research was undertaken for the Medical I)ei>arfcment of the Local 
Government Board, and is oommunieafeed to the Royal Society vpith the permission 
of the Medical Officer. 
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cultivations on gelatine are made. In this way I bare obtained the 
diphtheria bacillus in great numbers of colonies and in pure culture. 
Zarniko (‘ Oentralbl. f. Bakteriol. u. Parasit./ voL 6, 1889, p. 154) 
and Escherich voL 7, 1890, p. 8) both state that the diphtheria 
bacillus does grow on gelatine below 20° 0. 

This bacillus diphtheriae acts very virulently on guinea-pigs on 
subcutaneous inoculation; at the seat of the injection a tumour is 
produced, which in its pathology and in microscopic sections com¬ 
pletely resembles the diphtheritic tissue in man. In human diph¬ 
theria the diphtheria bacillus is present only in the diphtheritic 
membrar^e, but neither in the blood nor in the diseased viscera; the 
same holds good for the experimental guinea-pigs. In subcutaneous 
inoculation with artificial culture, though it causes in these animals 
acute disease and death—the lungs, intestine, and kidney are greatly 
congested—the diphtheria bacillus remains limited to the seat of 
inoculation. It was for these reasons that Loffler concluded that in 
diphtheria the diphtheritic membrane alone is the seat of the 
multiplication of the diphtheria bacillus, and that here a chemical 
poison is produced, which absorbed into the system causes the 
general diseased condition and eventually death. Eoux and Tersin 
have then separated from artificial broth cultures the bacilli and the 
chemical products, and, by the injection of these latter alone into 
guinea-pigs, have produced a general effect. I have in this yearns 
Report to the Medical Officer of the Local Government Board (1889- 
1890) shown that in these experiments of injection of cultures into 
guinea-pigs, an active multiplication of the diphtheria bacilli at the 
seat of inoculation can be demonstrated hy culture experiments; from 
the local diphtheiutic tumour and the nearest lymph glands the diph¬ 
theria bacilli can be obtained in pure culture on gelatine* 

- On various occasions during the last three years information has 
reached me by Health Officers (Dr. Downes, Mr» Shirley Murphy, 
Dr. Thursfield) as to a curious relation existing between a mysterious 
cat disease and human diphtheria in this manner, that a cat or cats 
were taken ill with a pulmonary disease, and while ill were nursed 
hy children, and then these latter sickened with well-marked 
diphtheria. Or children were taken ill with diphtheria, and either 
at the same time or afterwards the cat or cats sickened. The disease 
in the cat was described as an acute lung trouble; the animals were 
quiet, did not feed, and seemed not to be able to swallow; in some 
cases they recovered, in others they became emaciated, while the 

lung trouble increased, and ultimately they died. In one instance_ 

in the north of London, in the spring*, 1889—this cat malady, 
occurring in a house where diphtheria soon afterwards appeared 
amongst the children, was of a widespread nature; a veterinary 
surgeon—Mr. Daniel—informed me that at that time he had several 
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patients amongst cats affected witli the disease, consisting in an 
acute catan’hal affection, chiefly of the respiratory passages. He 
furnished me with two such animals: one that after an illness of 
several weeks had died, another that was sent to me in a highly 
emaciated state, affected with severe broncho-pneumonia; this animal 
was paralysed on the hind limbs. In both instances the post-mortem 
examination showed severe lung disease, broncho-pneumonia, and 
large white kidneys due to fatty degeneration of the entire cortex. 
A similar condition is met with in the human subject in diphtheria. 
Further, I received from Dr. Thursfield, of Shrewsbury, the body of 
a oat that had died after a few days’ illness from pneumonia in a 
house in which children were ill with diphtheria; another cat m the 
same house that became next ill with the same lung trouble also 
succumbed. The post-mortem examination of };he animal that I 
received showed severe broncho-pneumonia and large white kidneys, 
the entire cortex being in a state of fatty degeneration. 

Subcutaneous inoculations of cats were carried out with particles of 
fresh human diphtheritic membranes and with cultures of the 
diphtheria bacillus (‘ Report of the Medical Officer of the Local 
Government Board,’ 1889-1890) ; hereby a local diphtheritic tumour 
was produced at the seat of inoculation, and a general visceral disease; 
in the cases in which death followed after a few days the lungs were 
found much congested; when death followed after one or more weeks, 
the lungs showed broncho-pneumonia and the kidneys were enlarged 
and white, the cortex being in a state of fatty degeneration; if the 
disease in the animals lasted beyond five to seven days, both kidneys 
were found uniformly white in the cortex ; if of shorter duration, the 
fatty degeneration was sometimes only in patches. Although in 
these experiments the bacillus diphtherise was recoverable by cultiva¬ 
tion from the diphtheritic tumour at the seat of inoculation, there 
were no bacilli found in the lungs, heart’s blood, or kidney, and the 
conclusion is justified that, just as in the human diphtheria and in the 
diphtheria produced by subcutaneous inoculation in the guinea-pig, 
so also in these experimental cats the visceral disease must be a 
result of the action of a chemical poison produced by the diphtheria 
bacillus at the seat of inoculation. 

From this it is seen that the similarity between the artificial disease 
hnd the natural disease in the oat is very great, and the question that 
presents itself is, In what manner does the animal receive or give the 
diphtheritic contagium in the natural disease ? The natural disease in 
the cat is in its symptoms and pathology a lung disease, and it is 
reasonable to suppose from analogy that the lung is the organ in 
which the diphtheritic process in the cat has its seat. The micro¬ 
scopic examination of the diseased lung of cats that died from the 
natural disease bears this out, the membrane lining the bronchi in the 
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diseased portions of the lobules presenting appearances -which in 
microscopic character coincide with the appearances in the mucous 
membrane of the human fauces, pharynx, or larynx in diphtheria. 
But the correctness of the above supposition, that diphtheria has its 
seat in the lung of the oat naturally diseased, was proved by direct 
experiment. Broth culture of the bacillus diphtherise was introduced 
into the cavity of the normal trachea without injuring the mucous 
membrane. The animals became ill with acute pneumonia, aiid on 
post-mortem, two to seven days after, there was found extensive 
pneumonia, and fatty degeneration of the kidney- The bronchi, 
infundibula, and air cells of the inflamed lobnles were found occluded 
by, and filled with, exudation which nnder the microscope bears a 
striking resemblance to human diphtheritic membranes, and in the 
mueo-purulent exndation in the large bronchi and trachea the diph¬ 
theria bacilli were.present in large nnmbers. 

During the last ten or twelve years certain epidemics of diphtheria 
have occurred which were traced to milk, but the manner in which 
that milk had become contaminated with the diphtheritic virus could 
not be demonstrated, although the evidence as to the milk not having 
been directly polluted from a human diphtheria case was very strong. 
The epidemic of diphtheria that prevailed in the north of London, 
in 1878, investigated by Mr, Power for the Local Government Board, 
then the epidemic that occurred in October, 1886, at York Town and 
Camberley, the epidemic in Enfield, at the beginning of 1888, and in 
Barking, towards the autnmn of 1888, were epidemics of this cha¬ 
racter. Mr. Power, in his Beport to the Local Government Board on 
the York Town and Camberley outbreak, states (page 13) that a 
veterinary surgeon had certified that the cows from which the infootod 
milk was derived were all in good health, hut that two of the cows 
showed “ chaps ** on their teats, and he adds that even two or three 
weeks after the epidemic had come to an end—^the use of milk having 
been in the meanwhile discontinued—^he saw at the farm one cow 
which had suffered from chapped teats. At Enfield a veterinary 
inspector had also certified that the cows were in good health; but at 
Barking the veterinary inspector found sores and oi'usts on the udder 
and teats of the cows. 

I have made experiments on milch cows with the diphtheria 
bacillus, which appear to mo to throw a good deal of light on the 
above outbreaks of diphtheria. 

Two milch cows* were inoculated with a broth culture of the 
diphtheria bacillus derived from human diphtheria. In each case a 
Pravaz syringeful was injected into the subcutaneous and muscular 

* The cows had been kept under obserrat’on previous to the experiment for ten 
daya and ware in all re5i>ects perfectly normal. 



75 


1890.] A Contrihution to the Etiology of Diplithena. 

tissue of tihe left slioulder- Oa the second and thiinl days there was 
already noticed a soft but tender swelling in the muscle and the sub¬ 
cutaneous tissue of the left shoulder; this swelling increased from 
day to day, and reached its maximum about the end of the week; then, 
it gradually became smaller but firm. The temperature of both 
animals was raised on the second and third day, on which days they 
left off feeding, but after this became apparently normal. Both 
animals exhibited a slight cough, beginning with the eighth to tenth 
day, and this gradually increased. One animal left off feeding and 
ruminating on the twelfth day, ‘‘fell in” considerably, and died in 
the night from the fourteenth to fifteenth day; the other animal on 
the twenty-third to twenty-fourth left off taking food, “ fell in 
Yery much, and was very ill; it was killed on the twenty-fifth day. 

In both animals, beginning with the fifth day, there appeared on 
the skin of the udder, less on the teats, red raised papules, which in 
a day changed into vesicles, surrounded by a rim of injected skin. 
The contents of the vesicles were a clear lymph; the skin underneath 
was much indurated and felt like a nodule ; next day the contents of 
the vesicle had become purulent, i.e., the vesicle bad changed into a 
pustule; in another day the pustule dried into a brownish-black 
crust, with a sore underneath; this crust became thicker and larger 
for a couple of days, then became loose, and soon fell off, a dry heal¬ 
ing sore remaining underneath. The whole period of the eruption of 
papules, leading to vesicles, then to pustnles, and then to black 
crusts which, when falling off, left a healing dry sore behind, occupied 
from five to seven days. The eruption did not appear in one crop : 
new papules and vesicles came np on the udder of one cow almost 
daily between the fifth and eleventh day after inoculation, in the 
other cow between the sixth and tenth day; the total number 
of vesicles in the former cow amounted to about 24 on the udder, 
four ou the teats; in the latter they were all on the udder and 
amounted to eight in all. The size of the vesicles aud pustules 
differed: some were not more than l-th of an inch, others larger, up to 
\—I of an inch in diameter; they had all a rounded outline, some 
showed a dark centre. From one of the above cows on the fifth day 
milk was received from a healthy teat, having previously thoroughly 
disinfected the outside of the teat and the milker’s hand; from this 
milk cultivations were made, and it was found that 32 colonies of the 
diphtheria bacillus without any contamination were obtained from 
1 cubic centimetre of the milk. 

Unlike in man, in the guinea-pig and in the cat the diphtheria 
bacillus passed from the seat of inoculation into the system of 
the cow; this was proved by the demonstration of the diphtheria 
bacillus in the milk. But, also in the eruption on the udder, the 
presence of the diphtheria bacillus was demonstrated by microscopic 
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specimens and particularly by experiment. With matter taken from 
the eruption—vesicles and pustules—of the udder, two calves were 
inoculated into the skin of the groin; here the same eruption made 
its appearance : red papules, rapidly becoming vesicular, then pustular, 
and then becoming covered with brown-black crusts, which two or 
three days after became loose and left a dry healing sore behind. 
More than that, the calves that showed this eruption after inoculation 
became affected with severe broncho-pneumonia and with fatty 
degeneration of the cortex of the kidney. In the two cows above 
mentioned, on jpost-mortem examination, both lungs were found highly 
congested, oedematous, some lobules almost solid with broncho-pneu¬ 
monia in the upper lobes and the upper portion of the middle or 
lower lobe respectively; the pleural lymphatics were filled with 
serum and blood. Hasmori'hages in the pericardium and lymph 
glands, and necrotic patches were present in the liver. At the seat 
of inoculation there was in both cases a firm tumour consisting in 
necrotic diphtheritic change of the muscular and subcutaneous tissue. 
In this diphtheritic tumour continuous masses of the diphtheria 
bacillus were present; their gi’adual growth into and destruction of 
the muscular fibres could be traced very clearly. 

It appears then from these observations that a definite disease can 
be produced iu the cow by the diphtheria bacillus, consisting of a 
diphtheritic tumour at the seat of inoculation with copious multipli¬ 
cation of the diphtheria bacillus, a severe pneumonia, and necrotic 
change in the liver; the contagious nature of the vesicular eruption 
on the udder and excretion of the diphtheria bacillus in the milk 
prove that in the cow the bacillus is absorbed as such into the 
system. 

From the diphtheritic tumour by cultivation, pure cultures of the 
diphtheria bacillus were obtained; a small part removed from the 
tumour with the point of a platinum wire, and rubbed over the 
surface of nutrient gelatine or nutrient agar, yielded innumerable 
colonies of the diphtheria bacillus without any contamination. Itx 
cultural characters in plate, streak, and stab cultures, and in cover- 
glass specimens of such cultures, this cow diphtheria bacillus coin¬ 
cided completely with the human diphtheria bacillus, but in seotiouB 
through the diphtheritic tumour of the cow a remarkable differ¬ 
ence was noticed between it and the bacillus from the cultures ; 
inasmuch as in the tissue of the tumour the masses of the microbe, 
both in the necrotic parts, as also where growing into and destroying 
the muscular fibres, were made up of filaments and granular threads. 
But that it was really the diphtheria bacillus was proved by culture 
experiments and by cover-glass specimens. In the latter^ the transi¬ 
tional forms between typical diphtheria bacillus and long filaments 
with terminal knob-like swellings, with spherical or oblong granules 



•77 


1890.J A Contribution to the Etiology of Diphtheria. 

interspersed here and there in the threads, could be easily ascertained. 
In the large nnmber of cultivations that were made of the fresh 
tumour in both cows, the colonies obtained were all of one and the 
same kind, viz., those of the diphtheria bacillus; no contamination 
was present in any of the cultivations. 

Appendix. May 20. 

Since the above was sent in, the following instructive observations 
were made with regard to diphtheria in the cat and cow:— 

At the beginning of the month of April two cats died at the Brown 
Institution which had been ill for several days previously. Their ill¬ 
ness bore a remarkable similarity with the illness mentioned in the 
preceding pages as the natural (diphtheritic) disease of the cat, the 
most prominent symptom being an acute catarrhal affection of the 
respiratory tract; the animals became much emaciated and died. 
These two cats—which I will call Nos. 1 and 2—^had been quite well 
previously and were kept in cages in a special shed, in which normal 
cats are generally kept and used for laboratory purposes. Now, after 
the above two cats, all cats which were put into this shed became 
affected in the same way: running of nose and eye, injected conjunc¬ 
tiva with muco-purulent discharge from the eye : coughing and more 
or less severe bronchial catarrh; the animals were quiet and did 
not feed. B.etween the beginning of April and the beginning of May 
fourteen cats became so affected, some more intensely than others; of 
these several apparently recovered after an illness of about one week 
to a fortnight, while live became greatly emaciated, very weak, and 
the lung trouble having greatly increased, they died, the illness 
lasting two to three weeks. In all five animals the lungs showed 
distinct signs of lobular pneumonia. In one cat (which I will call 
No. 3) there was present in the lower part of the larynx and the 
upper part of the trachea a whitish false membrane indistinguish¬ 
able from human diphtheria membrane; sections through these parts 
conclusively prove this. In a second cat (No. 4) the trachea and 
bronchi contained a thick layer of fibrinous and purulent matter; in 
the other three animals the bronchi and infundibula contained puru¬ 
lent fibrinous exudation, but the trachea did not show any naked-eye 
change. In all five animals both kidneys were found conspicuously 
enlarged and white, the entire cortex being in a state of fatty de¬ 
generation. It is clear from this that the disease in these animals 
was the same disease as was mentioned above as the natural as well 
as the artificially induced diphtheria. Further confirmation was 
obtained by microscopic examination of the diphtheritic larynx and 
trachea of oat 3. On sections made through the affected portion of 
the larynx and trachea the entire mucous paembrane was found con- 
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verted into a swollen infiltrated tissue undergoing necrosis; in tliis 
tissue the typical diphtheria bacilli could be seen in large and small 
nests and groups in the superficial layers, and extending from them 
into the deeper portions of the necrotic membrane. Also in cat 4 cover- 
glass specimens of the tracheal and bronchial exudation showed the 
presence of the typical diphtheria bacilli. ITow, the above epidemic 
started with the disease of the two cats, 1 and 2, about the end of 
March, and the question arises: how did the disease originate in these 
two animals ? No cats had been ill in this shed, and the two cats were 
normal when some weeks previously they were received at the 
Brown Institution. But during the latter half of March I had two 
milch cows in the stables of the Brown Institution ill with diphtheria 
induced by inoculation with the bacillus from human diphtheria, in 
fact the two cows described on a former page. They were inoculated 
on March 1?, and, as was mentioned on a former page, showed the 
peculiar eruption on the udder between the 5th and 11th day; in one 
animal on the 5th day, le., March 21, the diphtheria bacillus was 
demonstrated in the milk drawn fi‘om the udder. As soon as the 
eruption on the udder and the pulmonary affection in the cows were 
noticed strict orders were given to the attendant that the milk of 
both cows .was to be thrown away. This oixler was not obeyed, since 
part of the milk was given to the two cats above mentioned, and these 
two animals became affected during the last week of March. I 
ought to mention, however, that, though the time at which these. 
cats became affected is in perfect harmony with the suggestion that 
the consumption of the above milk of the affected cow had been 
the cause of their illness, the man who attended to the cows was also 
attending to the cats. But in view of the fact that this person was 
free from diphtheria, the possibility of having conveyed the disease 
from the cow to the cat is out of the question, particularly if we 
remember that milk containing the diphtheria bacilli had been 
actually given to the oats. 


II. The Chemical Products of the Growth of Bacillus anthracis 
and their Physiological Action.” By SiDNBy Martin, M.D., 
Pathologist to the Middlesex Hospital. Communicated by 
Dr. Klein, F.R.S. Received May 7, 1890. 

The work here recorded was done for the Medical Officer of the Local 
Government Board, whose permission I have for publishing this 
abstract of it. 

The research was commenced in May, 1889. The bacilli were 
grown in a solution of pure alkali-albumin (made from serum- 
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proteids) aaid o£ mineral salts of tlie composition of the salts of the 
serum. 

The cultivation of the bacilli was continued for 10—15 days, and 
the organisms removed by filtering through Ohamberland’s filter. 
The filtrate contained the products of the bacterial growth, viz.:— 

1. Froto-albumose and deutero-alhumose, and a trace of peptone: all 
with the same chemical reactions as the similar bodies formed in 
peptic digestion. 

2. An alkaloid. 

3. Small quantities of leucin and tyrosin. 

The chief characteristic of the anthrax proto- and deutero-albumose 
is their strong alkalinity in solution—an alkalinity not removed by 
absolute alcohol, by benzene, chloroform, or ether, nor by prolonged 
dialysis. Acid-alcohol dissolves fiom the alkaline albumoses a trace 
of a poisonous body, but this is not in proportion to the toxicity of 
the albumoses. The albumoses are precipitated in an alkaline condi¬ 
tion by saturation with NaCl (proto-albumose) or (NHJ2SO4. The 
alkaloid is soluble in absolute alcohol, amyl alcohol, and in water; in¬ 
soluble in benzene, chloroform, and ether. It is strongly alkaline in 
solution, and a powerful base, readily forming salts with acids. The 
sulphate crystallises in small needles or prisms ; the oxalate in long, 
branching needles or flat plates. From the salts the alkaloid is easily 
regained. In solution, the alkaloid is precipitated by phospho-tungstic, 
phospho-molybdic, and phospho-antimonio acids andplatinic chloride, 
but not by potassio-mercnric iodide.* It is slightly volatile, and, 
when kept exposed to the air, it becomes acid, and loses, to a great 
extent, its poisonous properties. 

Physiological Action. 

1. The mixture of anthrax proto- and deutero-albumose is poisonous. 
In small doses it produces in mice a local subcutaneous oedema, with 
some sluggishness, ending in recovery. Larger doses produce a 
grater oedema with more signs of illness, sluggishness leading to 
prolonged stupor, coma, and death in twenty-four hours or longer. 
A fatal dose for a mouse of 22 grams weight is 0*3 gram (subcu- 
taneoujsly injected). In some cases the spleen is enlarged: no organ¬ 
isms being present, as shown by gelatine tube cultivations. Boiling 
for a short time diminishes the toxicity of the proteid, but does not 
completely destroy it, and death may result from the boiled 
albumoses. 

2. The anthrans alkaloid produces symptoms and lesions similaCr to 

* With Millon’s reagent, a precipitate is formed which becomes red on heating. 
This is the same reaction as that given by most proteids, and shows that the base is 
probably an amido-coinponnd.^—^May 17,1890; 
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the alhumoses, htit mnoh more rapidly and seyerely. The animal 

^rvelnSm the state of stupor gradually. After death enormous 
local subcutaneous oedema is found, with congestion and sometimes 
thrirosis of the small veins. Peritoneal effusion is occasionally 
™t iid the spleen is usually enlarged, dark, and congeste 

!r simply congested without being greatly f 

for a mouse weighing 22 grams is between 0 1 and 015 gram, 
deatli occurring in two to three hoars. 

The anthrax bacillus in digesting the f XaLit^ 

■nroto albumose, (2) deutero-albumose, (3) an alkaloid. The a a y 
r ^e Sulses may explain their toxic properties, bemg due to 
A ; f tw the alkaloid is in a “nascent” condition in the albu- 
inose^molecule. The bacillus forms the alkaloid from the a}bnmose, 
and it is possible that the living tissues have a similar action whe 
the albumose is introduced into a living animal. 

Ill “ On the Development of the Atrial Chamber oi Amphioxus. 

' Bv Arthur Willey, Student of University College, 
Snd^ Communicated by Professor Ray La^STER, 
P.R.S. Received May 5, 1890. 

Preface. 

Last Year, through the kindness of Professor Lankester, I had the 
opportuW of spending several months-May to Augush-m Sicily, 

collectinff the embryos and larvffl of Amphwxus. , • i t 

Since^then I have been working continuously on the material I 
obtained in the laboratory of University College, under the direction 
of Professor Lankester. The period of the development, to which 
Professor Lankester determined first of all to give attention, ws 
that before which Hatschek’s .well-known work stops short. He 
proposed that I should cut sections, so as to ascertain the mode in 
whi^h the atrial chamber takes its origin and the subsequent history 
of the crill-slits viz., as to how the slits on the left side of the pharynx 
friSLf 5; reU. of tio W to tho odolt mo.tt »d tt. 
details of the curious process of movement of the mouth fiom a uni- 
M^l to a median position were included in the scope of our 

'TSssor Lankester received a grant from the Government Grant 
Committee in aid of the present investiga.tion, and it is therefore neces¬ 
sary to state that he has constantly supervised my work, and aUows 
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me to publish, in mj own name a summary of the results which I have 
obtained under his guidance. 

AmpMoxm occurs in great numbers in a comparatively small lake, 
or pantano, which is situated behind, and separated from the sea by, 
the village of Faro, near Messina. It is connected with the Straits 
of Messina by a narrow canal, some two or three hundred yards in 
length. 

The bottom of the pantano, in contrast to that of the.Straits, 
consists of foul mud; and it may be mentioned in this connexion, as 
I was informed by Professor Kleinenberg, that AmpMoxus is only 
occasionally met with in the Straits, and is entirely absent from 
another larger pantano which lies behind the neighbouring village of 
Ganzirri, and is joined by a short canal to the one at Faro. 

The embryos float on the surface, and are to be had by dredging on 
the surface at sunrise, but the readiest method of obtaining them in 
quantity is to take the adults in glasses and allow them to spawn 
there, if they will. Spawning takes place about an hour after sun¬ 
down. 

The ova, if fertilised, must be very carefully distributed among 
several glasses containing clean, but unfiltered, water from the 
pantano. If the water is filtered, or if sea water is employed, or if 
too many ova are placed in one glass, they will certainly either die or 
develop abnormally. 

The first outward and visible sign of fertilisation is the separa¬ 
tion from the egg-cell of the yolk-membrane {Dottermemhran). 

Most, if not all, of the ova that I obtained were discharged through 
the atriopore. 

If Kowalewsky* had not seen them issuing from the mouth, it 
would not have been easy to understand how they could pass into the 
pharynx in opposition to the constant outflow of water between the 
gill-bars. 

Segmentation always commences at dusk—^between the hours of 
seven and eight—and goes on very rapidly through the night. 

The early stages have been so fully described by Hatschekf that I 
will only refer to them in the briefest manner. 

At 8 P.M. segmentation commences ; at 11 p.m. invagination com¬ 
mences; at 1 A.M. the gastrula is complete; at 3 a.m. the gastrula 
begins to revolve by cilia within the yolk-membrane; and at 5 a.m. 
two pairs of myoccelomic pouches have been formed, and the embryo 
ruptures the egg-membrane and becomes free-swimming. 

During the first day the embryo grows in length and adds several 
pairs of somites. By about eight o’clock on the second morning, that 

* “Entwick. des Ampli. lane.” (‘ M4m. Acad. Imp&. des Sciences de St. P^fcers- 
boTirg/ Series YII, vol. 11, 186^.) 

f, Claus’s * Arbeiten,* 1881. 

VOL. XLVIII. 
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is, thirty-six hours after the commencement of segmentation, the 
embryo has acquired a mouth on the left side of the body, and a gill- 
slit, which arises at first in the median ventral line, and subsequently 
comes to lie on the right side of the body. 

The anus is formed soon after the appearance of the mouth and 
first gill-slit. 

The embryonic period is now at an end, and the larval period 
begins. As Hatschek states, the only way of obtaining the larval stages 
is by pelagic fishing. This consists in dredging at depths varying 
fi’om fifteen to twenty fathoms. At this depth the Amjphioxus lavvss 
float in the midst of countless thousands of Sagitta larvae. 

A long, but not yet clearly ascertained interval (probably about a 
fortnight) elapses between the formation of the first and second gill- 
clefts. 

In the period during which it is free-swimming the larva acquires 
from twelve to fifteen consecutive unpaired gill-slits, each one arising 
in the mid-ventral line, and then growing in such a manner as to lie 
on the right side of the body. This applies to the anterior two-thirds 
of the pharynx, but I am not quite clear yet as to whether the last 
two or three median slits ever move up to the right side. Meanwhile, 
longitudinal ridges which are subsequently concerned in the forma¬ 
tion of the atrium have appeared (see fig. 6). 

At the time of the completion of the atrium, which occurs at the 
close of the larval period, some remarkable changes in the relative 
position of parts of the body in the anterior region take place, by 
which the mouth becomes median, and the gill-slits are arranged in 
two series, a right and a left. The larva emerges from this critical 
phase in its development as a symmetrical animal, but the details of 
the process of symmetrisation-—the strongly-marked character of 
which justifies the use of an otherwise undesirable term—are still 
rather ohscure. The larva, now really a young Amphioxus^ with 
atrium and paired gill-slits, ceases to lead a pelagic life, and takes to 
the sand, where it passes the rest of its life. 

Spawning occnrs at least from April to September inclusive. The 
best month, however, in which to obtain the embryos is June, while 
all the larval stages, up to the passage into tbe adult form, are to be 
found during July and August. 


Frevious View as to the Formation of the Atrium, 

The hitherto accepted method of formation of the atrial ohamhor 
of Amphioxus is that described by Kowalewsky,* and more fully by 
Rolph.f 

* ‘ Archir fiir Mikrost. Anat.,* vol. 13, 18^7. 
t * Morphol. Jalirbuch,’ vol. 2, 1876. 
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Kowalewskj says tliafc after a certain namber of gill-slits bave 
been formed two longitudinal folds appear on opposite sides of the 
body, wbicli grow round and meet, and finally fuse together in the 
median ventral line, leaving a wide aperture at one end—the atrio- 
pore. His figures, two of which are here reproduced rfigs. 1 and 2;, 

Fig. 1. Fia. 2. 


a.-- 


Copies of Kowalewslry’s figures of transverse sections through a larva of 
A mphioisus with fully-formed atrium. Fig. 1 represents a section taken between 
)>harynx and atriopore ; and fig. 2, one taken just behind the atriopore of the same 
larva. 

Ini. Intestine. at. Atrium. l.7t>. Coelom. 

bear this description out, more or less, while Holph’s schematic 
figures bear it out entirely. The latter are reproduced in figs. 3, 4, 
and 5- 

FiG. 3. 





Copy of Kolph’s theoretical section through the pharyngeal region of a larva, 
before the commencement of the so-called epipleural folds, 

H. Nerve-cord. •• Ch. Notochord. 

M. Muscles. Lh. Coelom. 

D. Intestine. a. Intestinal epithelium. 

h. Epidermis. 

G 2 
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Ka. 4. 



Copy from Eolpli of a similar section through an older larva, showing the com- 
mencing longitudinal down growths. * 

JS. Epidermis. 

El. Inner epithelium of the (future) atrial cavity. 

Eg. Outer epithelium of same. 

V. Subcutaneous tissue. 

Other letters as in fig. 3. 


Eia. 6. 



Copy from Rolph of a similar section showing the meeting together of tlie 
epi^leura in the ventral middle line. 

A. Atrium. E. Raphe. 

Other letters as in figs. 3 and 4, 
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The most serious error iu Kowalewshy^s view lies in the fact that 
he makes the space in the lateral outgrowths continuous with the 
hody-oavity, and consequently calls it “ Leibeshohle,” or coelom. 

This space, as we shall see, does not belong to the true coelom, and 
is not traceable as a space to the original myocoelomic pouches, bm; 
arises apparently as an inter-cellular space in the midst of the con¬ 
nective tissue—in fact, it would seem to belong to that category of 
spaces to which the term “ pseudoccel ” has been applied. In this 
respect it stands in contrast to the spaces in connexion with the 
dorsal and ventral fins, which have been shown by Hatschek to be 
derived directly from the myocoelomic pouches. 

Eolph’s figures (figs. 3, 4, 5) do not profess to be more than 
diagrams. They show the epipleur originating as a depending ridge 
on each side of the pharynx (fig. 4). Into this ridge the coelom is 
extended. The epipleura meet finally in the middle line below the 
pharynx according to this theory (fig. 5). It is no doubt true that 
the scheme of growth thus sketched by Rolph, and based upon 
Kowalewsky’s erroneous figures, would account satisfactorily for the 
condition of the atrial chamber and its epipleural walls as observed 
in the adult. It also gives a basis for the suggestion made by 
Kowalewsky that the epipleura are comparable to the opercula of 
Teleostean fish. 

I now propose to show that this view is based on erroneous 
observation. 

Formation of the Atrial Ghamher as observed by me. 

The first indication of the commencing formation of the atrial 
chamber is to be found in larvae with nine or ten gill-slits on the 
right side. Behind the region of the pharynx we find that the mid- 
Jine of the body has become marked with a narrow groove, so that in 
section it is bifid (fig. 6). The short upstanding ridges which limit 
the groove are the metapleura of the adult. Though at*first solid, 
the connective tissue within the ridge soon becomes hollowed, 
and forms a lymph space which never has any obvious connexion 
with the coelom. These ridges can be traced from about the middle 
of the larva’s body forward towards the pharyngeal region, where they 
diverge considerably from one another. That belonging to the animal’s 
left side keeps a more or less median position, .and can be traced 
(though but small in elevation) when twelve gill-slits are present as 
a ridge situated at the lower or ventral margin of the gill-slits and 
dying out in the anterior region of the pharynx. The right-hand 
ridge, or metapleur, takes a course to the right of the giU-slits (which, 
it will be remembered, are on the right side of the body), and over¬ 
hangs the upper limit of the slits to a small extent. It dies out in 
front of the first gill-slit, where it bends towards the middle line. 
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Via. 6. 


Fia. 



Fig. 6.—TransTerse section throngh a larva with eleven or twelve unpaired 
gill-slits and with lateral mouth, showing the minute sub-atrial ridges. 

d.m. Dorsal division of myocoel in which the fin-ray will lie when it is 
developed. 

?M?. Nerve-cord. 
ncA. Notochord. 
m. Muscle-plate. 
my. Cavity of myocoel. 
d.a. Dorsal aorta. 

Inf, Intestine. 

d.l.m. Double-layered membrane separating the myocoel from the spluiich- 
nocoel. 

Primitive splanchnocoel. 
v.a. Ventral vessel. 
met. Metapleur. 
s.a.r. Sub-atrial ridges. 

Fig. 7.—Transverse section through a slightly older larva. The sub-atrial ridges 
have fused for a short distance between atriopore and pharynx ; hut in the 
pharyngeal region the atrium is unclosed, and consequently the gill-slits still open 
directly to the exterior. 
at. Atrium. 

The atrium is formed hy a small horizontal growth (s,a.r. in 
fig. 6 ), which starts from the inner face of each metapleur and floors 
in the deeper half of the groove or area between the two meta¬ 
pleura (fig. 7 , at.). 

These horizontal growths may be called the sub-atrial folds. 
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They are at first extremely small, and the atrial space floored in is 
a mere canal. Later the width of the atrial space increases greatly, 
and the snh-atrial folds consequently widen also, becoming that 
pleated expansible floor of the atrial chamber, with its transverse 
mriscnlar layer, which all observers of Amphioims Imow so well 
(fig. 9, s.a.r.). 

The atrial groove becomes floored in first in the region of the 
atriopore. The growth of the snb-atrial folds extends gradually 
forwards, and the closure proceeds along one side (the right) of the 
pharynx. The whole atrium thus formed is a very small tube-like 
space. The closure by means of the small horizontal sub-atrial out¬ 
growths in the region of the large gill-slits is somewhat difficult to 
explain. The small left metaplenr actually moves in course of 
growth from the mid-line, and rises on to the right side somewhat. 
At the same time the much larger right metapleur is deepened, and 
overhangs the slits. Then the little horizontal junction is ejected, 
and we get actually a nearly tubular atrium receiving the openings 
of successive gill slits. With subsequent growth the narrow atrial 

Fio. 8, 



Transverse section through an advanced larva with fully-closed atrium. The 
latter has begun Uy encroach on the ccelom (sp). 

Letters as in figs. 6 and 7. 
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Transverse section througli an adult AmpMojBUS^ The atrium has grown up so 
as to divide the primitive splanchnocoel into two portions—an inner or splanchnic, 
and an enter or parietal, portion (sp\ and sp/'). 

sp. The portion of the primitive splanchnoccsl which is not so affected by 
the atrium, and which persists as the dorsal coelom, 
sp^'. The parietal part of the splanchnocoel, 
sp'^'. Its expansion as perigonadial coelom. 
f.r. Fin-ray. 

Other letters as in figs, 6 and 7, 

(The above figures 6—9 are all somewhat diagrammatic.) 


tube widens and pushes itself right and left, so as to encroach on the 
space hitherto occupied by the coelom, and finally it extends so far 
dorsalwards as nearly to surround the alimentary canal (see figs. 8 
and 9). 

The eyidence of this history, in the form of careful drawings of 
consecutive sections from snout to atriopore, at various stages in the 
closure of the atrium, I purpose to publish shortly in the ‘ Quarterly 
Joumal of Microscopical Science.’ For the present I am anxious to point 
out,firstly, that this mode of formation of the atrium as a narrow groove, 
which closes and sinks (as it were) into the body of the Amphiomsy 
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is really different in important respects from tlie enclosure of a space 
by downgrowth of large folds, though ultimately no doubt the two 
contrasted modes of formation come to the same thing so far as the 
more obvious morphological relations are concerned. The mode of 
formation which really occurs in AwpMoxus is readily harmonised 
with the existence of the post-atrioporal extension of the atrium 
which gradually tapers to a fine osecal canal. It also gives us an 
essentially different view of the region called “ epipleur ” by Lan^ 
kester, and generally so designated, from that which Rolph’s theory 
necessitated* That portion of the epipleur into which the myotomes 
of the body-wall extend is seen now to be no downgrowth, no exten¬ 
sion or fold. It is the original unchanged body-wall which bounds 
the sides of the animal’s body in front of the atriopore, just as much 
as it does behind. The only new growth in the atrial region which 
takes part in the limitation of the surface is the sub-atrial growth 
formed by the two little horizontal folds which floor in the atrium 
when it is a mere canal. These in the adult are represented by the 
limited region of longitudinally pleated yentral wall between the two 
metapleura. 

Lastly, the formation of the atrium as a narrow groove which 
closes, sinks into, and expands within the body of AmpMoxus, is 
much more readily comparable to what is known of the formation of 
the atrial chamber in the Ascidians than is the Kowalewsky-Bolph 
scheme. In the Ascidian a pair of in-pushings are formed, each with 
a circular orifice of invagination; they expand within the body, fuse 
with one another to form one cavity, and one of the circular orifices 
^ disappears. In Amphioxus we have a single in-pushing with a longi¬ 
tudinal orifice of invagination, which closes as the invagination forms, 
excepting at its hindermost border, and then expands to a greatly 
increased volume. 

The comparison of the so-called epipleura of Amphioxus with the 
opercula of Fishes has only a remote morphological basis, and prob¬ 
ably no genetic relationship exists between these two structures. 


IV* ‘^On a Method of determining the Value of Rapid Varia¬ 
tions of a Difference of Potential by means of-the Capillary 
Electrometer.” By George J. Buroh, B.A. Communi¬ 
cated by Professor Burdon Sanderson, F.R.S. Received 
April 25, 1890. 

In 1882 a paper by Professor Burdon Sanderson* appeared in the 
‘ Biologisches Centralblaht,’ in which an account was given of the 

♦ Burdon Sanderson, ** Die elektrischen Erscheinungen am Dionaeablatt,” * Bio¬ 
logisches Oentralblatt,’ 15 Oct., 1882.. 



90 Mr. G. J- Burch. On determining the Value of [May 22, 

employment of photography for the production by means of the 
capillary electrometer of records of the electrical phenomena ac* 
companying the excitation of the leaf of Dioncea, Other physiologists 
have availed themselves of this method for the purpose of determining 
the times at which the electrical changes in living tissues begin and 
end, but no complete investigation has been made of the relation 
between the curves obtained and the amount of variation of the 
difference of potential of which they are the expression. 

A series of experiments which I undertook two years ago, at the 
suggestion of Professor Burdon Sanderson, for the purpose just in¬ 
dicated, has led to the discovery of a method by which it is possible 
to determine from the photographed curve the difference of potential 
coiTesponding to any part of its course. 

I propose in this preliminary note to state briefly the experimental 
results upon which the method is based, to describe the application 
of it in its simplest form to the analysis of a photographed curve, and, 
finally, to indicate the corrections which have to be applied to the 
approximation thus obtained. 


I. The Normal Curve* 

The magnified image of the capillary, pointing vertically down¬ 
wards, is projected through a slit upon a sensitive plate travelling 
horizontally at a uniform rate. During the. passage of the plate 
behind the slit a sudden permanent difference of potential of known 
value is introduced between the terminals of the electrometer, causing 
the meniscus to move from its original position of rest to another 
level, the movement being recorded on the plate by the curved 
outline of the shaded portion. This will be referred to as the 
normal curve,” and the movement as a normal excursion.” 

(1.) By direct photographic evidence I have proved that there is 
no measurable delay between the communication of a difference of. 
potential and the commencement of the movement of the meniscus. 

(2.) Under ordinary circumstances the meniscus ceases to move the 
instant the source of electromotive force is withdrawn. [See 
also (7)]. 

(3.) The normal curve is of the same form and dimensions so far 
as it extends^ no matter what may have been the difference of poten¬ 
tial which produced it. The accompanying diagram illustrates a 
normal curve taken with a large resistance, and low down in the 
capillary, so that variations of resistance during the excursion 
[see (7)] may be neglected. The entire curve corresponds to a 
difference of potential of 0*01 volt. The portion above the line 
through -5 is the entire normal curve for 0'005 volt, and the portion 
above P is the curve for 0*00195 volt. 
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Oy *= axis of graduated in of a volt. 

Ot — axis of and asymptote of the curve. 

PN and = ordinates at the points P and Pi respectively. 

PT and PiTi = tangents. 

NT and NiTj = subtangents. 

[NT » NiTJ 

(4) The time required bj the meuiscTis to traverse half the dis¬ 
tance through which the sudden introduction of a permanent 
difference of potential would cause it to move, is, within wide limits, 
independent of the amount of that difference. This time may be 
conveniently referred to as the “ time of half-charge.’* It is one of 
the constants of an instrument, and is affected only [with the excep¬ 
tions indicated in (7)] by the external resistance of the circuit, 

(5.) The above conditions are fulfilled if the equation to the 

normal curve is of the form log where y is the vertical dis- 

a 

tance of a point P upon the curve from its asymptote the level 
at which the meniscus finally comes to rest) and t is the horizontal 
distance of P from a point 0 upon the asymptote, which is taken as 
the origin of coordinates. There is a well-known characteristic ot 
all curves having this equation, by which they can be easily re¬ 
cognised, namely, that the subtangent NT, or intercept upon the 
asymptote between the tangent PT of any point P upon the curve 
and its ordinate PN, is of constant length. I have accordingly 
measured the length of the subtangent at various points upon a 
number of normal curves, and find it to be constant for each electro¬ 
meter, except so far as it is altered by the total resistance of the 
circuit and the variations of resistance, &c., which will be referred to 
in (7), The normal curve is therefore approximately the logarith¬ 
mic curve. 
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IL Gurpes prodmed ly Rapid Variationsy of Unhnown Amounty of the 
Difference of Potential between the Terminals» 

(6.) From (1), (2), and (3) it follows that in all cases the velocity 
with which the meniscus is moving at any instant is that with 
which it would start if the zero line were moved to the level then 
occupied by the meniscus, and the diJiei'enoe of potential existing at 
the time between the terminals of the electrometer were suddenly 
introduced and made permanent. Thus the total indicated difference 
ofpotenticl is made up of two parts, viz., the difference represented 
by the distance through which the meniscus has already moved, and 
that indicated by the velocity with which it is still moving. 

This being so, there are two ways in which the actual difference of 
potential at the moment corresponding to any point upon the pho.^ 
tographed curve may be estimated. The first is to compare it with 
a normal curve, on which a point must be found of which the tangent 
coincides in direction with the tangent at the required point of the 
curve under examination. The vertical distance of this point upon 
the normal curve from its asymptote will express the remainder of 
the difference of potential, provided that the Q’esistance in circuit was in 
hath cases the same. 

The second method depends upon the property of the logarithmic 
curve mentioned above. Upon an enlarged copy of the curve to be 
investigated, points are taken corresponding to equal intervals of 
time {e,g,y O’OOi sec.). Through each of these points a tangent and 
an ordinate are drawn, and produced, upwards if the curve is rising, 
or downwards if it is falling, until the horizontal distance between 
the tangent and the corresponding ordinate is equal to the length of. 
the subtangent of the normal curve. The level at which this is the 
case is that to which the meniscus would have risen or fallen, had 
the difference of potential between the terminals at that instant been 
made permanent, and is in fact the position of the asymptote of the 
corresponding normal excursion. Consequently, a line touching the 
ends of all the ordinates so produced will represent the variations of 
difference of potential during the experiment, upon the same scale as 
the normal curve, 

(7.) This result is only an approximation; to make it accurate 
three kinds of corrections have to be made, as follows :— 

(a.) Galihration Brrors, —The capillaiy may not be of equal sensi¬ 
tiveness throughout the part employed. In this case the electrical 
capacity of the electrometer viewed as a condenser will also vary 
with the position of the meniscus in the tube, so that the correction 
is difficult to make, and should be avoided by selecting a suitable 
instrument. 

Overshooting,—In instruments with small internal .resistance. 
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and in wHch the friction is reduced to a niinimxini> the mercury 
column appears to acquire a certain momentum, so that the state¬ 
ment in (3) no longer applies, and the instrument is not dead beat 
in its action. It may, however, be made so by the introduction of a 
sufficiently large resistance. 

There is also another form of overshooting, due to the elasticity of 
the meniscus itself, the efPect of which upon the curve is distinct, 
and different. Both these forms of error are rare. 

(c.) Variations of Resistance during an Excursion .—The principal 
seat of the internal resistance of the capillary electrometer being the 
slender column of dilute acid in the tube, the length of which varies 
with the movement of the meniscus, it is evident that the total re¬ 
sistance must vary during an excursion. The effect of this variation 
of resistance may be detected in excursions of considerable extent, 
and the amount of it measured. I have found that the error due to 
this cause is seldom more in practice than one per cent. The method 
of applying these corrections, together with a description of the ap¬ 
paratus employed, and a discussion of the points of theory involved, 
I hope to publish at no distant date. 

The investigations of which the results are given above were 
made in the Physiological Laboratory, Oxford, the resources of 
which were placed at my disposal for the purpose by Professor 
Burdon Sanderson. 


V. Bacteria-killing Griobiilin.” By E. H. Hanktet, B.A., 
St. John’s College, Cambridge, Junior George Henry 
Lewes Student. Communicated by Professor Hot, F.R.S. 
(From the Pathological Laboratory, Cambridge.) Received 
May 21, 1890. 

The results described in the present paper were arrived at by the 
author while trying to discover the nature of the substance to which 
the bacteria-killing powers of the blood serum were due.* * * § 

The results obtained by Nuttall,t Buchner,J and Nisserj§ have 
shown that the blood sei’um, independently of any cellular elements, 
has a certain power of killing bacteria. The method used by these 

* My work was aided by grants from the British Medical Association and from 
the John Lucas Walker Bund. 

t “ Experimente itber die bakterienfeindlichen Einfliisse des thierischen Korpers,” 
‘ Zeitschrift fiir Hygiene,’ vol. 4, 1888, p. 353. 

X ** XJeber die bakterientddtende Wirkung des zellenfreien Blutserums,” * Oentral- 
blatt fiir Bakteriologie und Parasitenkunde,’ vol. 5, p. 817, and vol. 6, p. 1,1889. 

§ “Zur . Kenntniss der bakterienvernichtenden Eigenschaft des Biutes,’^ *Zeit- 

schrift fiir Hygiene,’ vol. 6, 1889, p. 487. 
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authors, aud which I have applied to this research, is to mix a small 
quantity of a culture with a few cubic centimeters of blood serum, 
A drop of this serum is immediately taken, and a gelatine plate 
culture made with it. Again, at intervals varying from a half to 
twenty-four hours, plate cultures are made containing drops of the 
serum. The first plate culture serves as control. The number of 
colonies that appear in it is observed. A progressively decreasing 
number of colonies will be found in the succeeding plate cultures, 
owing to the gradual decrease in the number oi bacilli that remain in 
a living condition in the blood serum. A curious point about this 
property of blood serum is that it vanishes in the act of killing the 
microbes. That is to say, a given quantity of blood serum can 
only kill a.limited number of microbes. If the number of microbes 
added to the serum is beyond this limit, the survivors find the 
blood serum to be an excellent food medium, and, after a time, 
begin to grow and reproduce. This fact, together with the com¬ 
paratively low temperature (six hoars’ heating to 52° or half an 
hour’s heating to 55°) at which the bacteria-killing power 
vanishes, has led some of the above^ quoted authors to ascribe it 
to a “sort of ferment-like activity.” Buchner* found that the 
bacteria-killing power vanished,on dialysing the serum into distilled 
water, not, however, if it was dialysed into 75 per cent, sodium 
chloride solution which had been brought to the same degree of 
alkalinity as the serum. From this and other facts, Buchner is 
brought to believe that the property in question is connected with 
the intactness of “ Hageli’s hypothetical Micellas ” present in the 
serum, and is due to a residuum of the “life” possessed by the 
plasma from which it is derived. Surely, an equally obvious conclu¬ 
sion would he that it was connected with the presence of some 
unknown globulin, which, like other globulins, is only soluble in 
dilute salt solutions, and, therefore, would be precipitated after 
dialysing into water, and remain in solution on dialysing info phy¬ 
siological salt solution. The experiments of Lubarschf have shown 
that this power practically does not exist in the living blood plasma ; 
consequently (on the hypothesis that it is due to some specific 
germici.de), it must be due to a substance present in blood serum 
absent from the plasma. Further, the above-mentioned observations 
suggest that it is due to a substance of the nature of a ferment. 

Can it be fibrin ferment P The facts that a bacteria-killing power 
is possessed by peptone plasma, but not by magnesium sulphate 
plasma, are not in complete disaccord with this suggestion. A 

* Lac, dt, 

t **TJeber die bahterienvernichtendeii Eigenschaften des Blutes und ilire 
Bezielningen zur Immunitat,” * Centralblatt fur Bakteriologie and Parasitenkunde,’ 
Tol. 6, 1889,'p. 528. 
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wateiy solution of fibrin ferment loses its power of coagulating* 
blood when heated to 75®. When, however, fibrin ferment is dis¬ 
solved in serum it is destroyed, according to Halliburton,* at'a tem¬ 
perature somewhere between 60® and 60®, which agrees with the tem¬ 
perature at which Buchner found the bacteria-killing power of serum 
to vanish. On testing the effect on anthrax bacilli of a solution of 
fibrin ferment by the above-described method, I occasionally found a 
gradual diminution in the numbers of the bacilli, but, even in the 
most successful experiment, it was so small as to come well within 
the limits of experimental error. For instance, in one experiment, 
the control plate showed 175 colonies. A plate culture made half-an- 
hour later showed 40 colonies, and the plate culture made one hour 
after mixture showed 111 colonies. Thus my results, though of them¬ 
selves too few to decide this matter, agree with those of Buchner, 
who also found that fibrin ferment has no bacteria-killing power. 

Can the substance in question be some other ferment, absent from 
the plasma and present in the serum, possibly owing to the breaking 
down of white blood-corpuscles ? 

Halliburton has recently succeeded in extracting from the leuco¬ 
cytes of lymphatic glands a globulin which he believes to be fibrin 
ferment, or else inseparably connected with it. The power of causing 
blood to clot, the temperature at which it loses this property, and 
its solubilities in different salt solutions agree perfectly with what is 
known of fibrin ferment. In fact, the only respect in which it 
differs from fibrin ferment is that it always responds to the general 
proteid reactions; while Lea and Green have obtained solutions, 
apparently of fibrin ferment, which caused blood to clot rapidly, but 
which responded not even to the most delicate tests for proteids. 

The following experiments show that it has the power of kilKng 
anthrax bacilli, a power which, as yet, cannot be ascribed to fibrin 
ferment. 

Methods ^Employed .—The lymphatic glands of an animal (cat or 
dog) are cut out, finely chopped up, and exti*acted with -jijth saturated 
sodium sulphate for twenty-four hours. The liquid is then filtered, and 
precipitated by the addition of several times its volume of alcohol. 
The precipitate consists chiefly of Halliburton’s cell globulin-yS, for the 
other proteids of lymph cells (cell globulin and nucleo-albumen) are 
only extracted in small quantities by the sodium sulphate solutiou.f 
The precipitate is kept under alcohol till required. It settles to the 

* **On the Nature of Fibrin-ferment,” ‘Journal of Physiology,’ vol. 9, 1888, 
p. 229 j and “ On the Coagulation of the Blood,” Boy, Soc. Proc.,’ vol. 44,1888, 
p. 255. 

t I learnt this in a verbal communication from Dr. Hafiiburton. I shall in the 
rest of my paper refer to Halliburton’s cell globulin-/3 as cell globulin, or simply * 
globulin- 
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bottom of tbe vessel, and, before using it, tbe superabundant spirit is 
poured off. The bottle is then shaken, and 5 to 10 c.o. of the turbid 
liquid is poured out and filtered. The precipitate remaining on the 
filter paper is washed with distilled water and then extracted with 
about 16 c.c. of a -j^th saturated sodium sulphate solution. In other 
cases it was at once extracted with 76 per cent, sodium chloride, or 
with distilled water, the adherent salt enabling the precipitated 
globulin to dissolve. 

Always the distilled water or other solvent employed had been 
previously carefully sterilised. Only a very small part of the coagu¬ 
lated mass of proteids was redissolved, the solution containing the 
fermentdike cell globulin, while probably the other proteids present 
were permanently coagulated by the action of the alcohol. To the 
solution thus obtained a small quantity of anthrax culture is added. 
The culture is generally in bouillon and not more than twenty-four 
hours old. Before being added it has been violently shaken in order 
to separate and break up the filaments. As soon as the anthrax 
bacilli have been added to the globulin solution and shaken so as to 
distribute them uniformly through the liquid, a sample of the latter 
is taken, and with it a gelatine culture (which serves as control) is 
made. This sample is not taken out with a platinum wire, but with 
a capillary pipette. A kink is made in the pipette about 3 inches 
from the end, and while removing samples of the liquid care is taken 
that it should in each case be filled exactly to the kink. In this way, 
as the same pipette is used throughout each experiment, it is easy to 
abstract exactly the same quantity of liquid each time.’^ As soon as 
the pipette has been emptied into the gelatine, the end that has been 
used is placed in a test tube plugged with sterilised cotton-wool and 
containing sterilised normal salt solution. This is immediately 
boiled for a few minutes. Since the young culture of anthrax em¬ 
ployed contains no spores, the pipette can be thus easily sterilised. 
During the experiment the globulin solution is kept at a temperature 
of 37°. 

The following table shows some of my experiments in a tabular 
form:— 


* A separate pipette was used to iuoculate the globulin solution with anthrax. 
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From this table it is obvious that a decrease took place in the 
number of living bacilli present in the samples that were successively 
taken from the globulin solution. That is to say, the bacilli were 
gradually killed until in some experiments (as shown by the plate 
cultures remaining sterile) no survivors were left. In these cases 
the gelatine was, after a few days, inoculated with anthrax, when it 
always produced a copious growth, showing that the result was in no 
way due to any imperfection in the gelatine employed. That the 
destruction was not due to sodium sulphate or other salts present is 
shown by Experiment YII, for here the liquid is seen to lose its 
bacteria-killing power by being simply boiled, a treatment capable of 
destroying the globulin but not the salts. In other cases the globulin 
solution was boiled after the plate cultures had been inoculated from 
it. Then it was re-inoculated with anthrax with or without addition 
of a small quantity of bouillon, and always produced a typical growth. 
In Experiment YII, after two days, the test tubes containing the 
solutions B and 0 were found to contain anthrax growths, the one in 
0 being somewhat scanty. Solution A, however, had remained 
sterile, all the bacUli in it having been killed. Then, without pre¬ 
vious boiling or any other treatment, it Tyas inoculated with anthrax 
spores, and in twenty-four hours had produced a copious growth. 
This proves conclusively that the destruction of bacilli that had taken 
place was due to a similar cause to that which is operative in the 
analogous experiments with blood serum. For Lubarsch* has pointed 
"put that, although the serum is capable of killing the bacilli added to 
it, the spores (of anthrax) not only are unharmed by it, but imme¬ 
diately begin to develop, producing a crop of bacilli, which seem to 
have acquired tolerance against the bacteria-killing power of the 
medium. It is interesting to notice that, as shown in Experiment YII, 
the cell • globulin obtained from the spleen was more energetic in 
killing bacteria than that derived from lymphatic glands. In this 
experiment the spleen and the lymphatic glands wore taken from the 
same dog, left under alcohol for the same time (twenty-four hours), 
and otherwise subjected to exactly similar treatment. In Experir 
meiit Y the globulin ‘was derived from the lymphatic glands and 
spleen of. a cat, which were chopped up and extracted together. 
Here the bacteria-killing action was more energetic than in the pre¬ 
vious experiments. I generally noticed that the bacteria-killing 
power is less, the longer the globulin is kept under alcohol, which 
agrees with Halliburton's assertion,! that by very prolonged action of 
alcohol the cell globulin is rendered permanently insoluble, as is the 
ease with other proteids. 

* Lae. eit 

t “ On theKature of the Mbrin Ferment,” ‘ Proceedings of Physiological Society,* 
1888 (in * Journal of Pliysiology,’ vol. 9). .. 
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I hare as yet made no systematic observations on the degenerative 
appearances that anthrax bacilli may show when subjected, to the 
^tion of cell globulin. On one occasion, however, I Ifound^thaF thfe 
bacilli, twenty-four hours after being added to a dilute cell globulin 
solution, had broken up into extremely short segments. Czaplewsiki* 
found a similar change to occur as a stage in the degeneration of 
virulent anthrax bacilli when injected. into pigeons, which were 
naturally immune against this disease, and Gamaleia^ met with a like 
inode of degeneration during the “ vaccinal ” fever which follows the 
inoculation of attenuated anthrax into rabbits or sheep. 

My experiments on the effects of injections of cell globulin into 
animals before or after anthrax infection in modifying the course of 
the disease, though entirely of a preliniinary nature, are of some 
interest. The cell globulin was not prepared by the above-described 
method, but the sodium sulphate extract was dialysed to remove the 
excess of the salt, and heated to 60° or 51° for half-an-hour to 
coagulate any traces of cell globulin-« or nucleo-albumen that might be 
present. J A few cubic centimeters of a solution thus prepared were 
injected into the lateral ear vein of a rabbit, which, either at the 
same time or on the day before, had been inoculated with anthrax. 
The results were extremely variable, and showed no relation to the 
quantity of cell globulin employed. In some oases no effect was pro¬ 
duced, the animal dying in the same time as, or even before, the 
control. § In other cases the animal lived two or three days longer, 
and showed slight Siarrhoea. In such cases the spleen was nearly 
always greatly enlarged. The bacilli were generally in long chains 
(consisting of occasionally twenty or thirty joints), as is usually the 
case after inoculation with attenuated anthrax. SometimeSj however, 
they appeared to be exceptionally short. Further, a large number of 
phagocytes (macrophages), containing bacilli in different stages of 
degeneration, could be seen. In the control animal phagocytes con¬ 
taining bacilli could but rarely be found. Fig. 1 shows the tempera¬ 
ture chart of three rabbits, of which two (A and B) received a 
succession of doses of cell globulin. The three rabbits were very 
young, and did not weigh more than 400 grams each; C was ..the 
control, and died in thirty-six hours. A and B showed well-marked 
diarrhoea forty-eight hours after inoculation, and died after ninety- 

* “XJeber die Immunitafc der Tauben gegen Milzbraud,’* ‘Zdnigsberg Diss. 
Inaug.,’ 1889. 

t “ Sur la- Destruction des Microbes dans les Corps des Anhnaux febricitants,” 
* Annales de I’lnstitut Pasteur,* 1889, p. 229. 

J Report of a Committee consisting of Professors Schafer (secretary), Poster, and 
Lankester, and Dr. W, B. Halliburton, appointed for the purpose of inyestigating 
the physiology of the lymphatic system** (‘Brit. Assoc. Rep.,-18S8, p. 363).' 

§ In these experiments, the control rabbit nearly always .died within thirty-six 
hours., . . , . .r .. • _ __ 
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Fig. 1. 



A 


58 


three and ninety-nine hours respectively. The spleen of jL contained 
rather few bacilli, either isolated or arranged in chains, which were 
never longer than are occasionally met with in control rabbits after 
simple inocnlation with anthrax. In the lymph gland near the seat 
of inoculation, however, they were often found in much longer chains, 
or arranged in thick clusters. Of these chains, individual joints 
often were swollen up or refused to take the stain. The bacilli in 
B exhibited precisely similar appearances, but the chains of bacilli 
were somewhat longer, occasionally consisting of twenty-seven or 
twenty-eight joints. 

In another series of experiments the rabbits were infected by intra¬ 
venous injection of the blood of a rabbit dead of virulent anthrax and 
diluted with normal salt solution. Before or after this treatment, 
5—10 c.c. of cell globulin solution w'^ere injected intravenously. After 
infection in this way the control rabbit died in twelve to eighteen 
hours. The rabbits treated with the globulin occasionally lived for a 
few hours longer, more often died at about the same time as the 
control. The chains of bacilli in the spleen sometimes exhibited a 
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curious appearance. They were surrounded by a transparent sbeatb, 
which was thickened at each junction between each two neighbouring 
bacilli. The chain of bacilli could be compared to a bamboo in which 
the nodes are swollen to nearly twice the diamete^ of the rest of the 
stick. A precisely similar appearance Las been described and figured 
by Petruschky.* He found that anthrax bacilli undergo this change, 
which he regards as degenerative, when placed under the skin of 
frogs for several hours. Gamaleiaf describes a somewhat similar 
condition as occasionally happening to anthrax vaccins in different 
organs of sheep and rabbits during the “ vaccinal fever.’* 

The above-described experiments would seem to lead to the follow¬ 
ing conclusions:— 

1. That Halliburton’s cell globulin-y3 possesses a bacteria-killing 

power. 

2. That this power appears to distinguish it from fibrin ferment. 

3. That this bacteria-killing power is of the same nature as that 

possessed by blood serum, as described by Buchner, Hissen, 
and Huttall. 

4. That this power of the serum is probably due to the same 'or 

some allied subsfcance. 

5. That, inasmuch as it is possible to obtain from cells that are, or 

can become, phagocytes a substance having bacteria-killing 
powers, we may suppose that phagocytes can not only kill 
microbes that they have ingested, but also do this, or tend to 
do this, by breaking down and liberating their contents. 


The Society adjourned over the Whitsuntide Recess to Thursday, 
June 5th. 


Presents, May 22, 1890. 

Transactions. 

Baltimore ;—Johns Hopkins University. Studies (Historical and 
Political Science). Eighth Series. Ho. 4. 8vo. Baltimore 
1890. The University. 

Bordeaux;—Soci4te de M^decine et de Chirnrgie. M4moires et 
Bulletins. 1889. Ease. 1-2, 8vo. BordeaiLX, 

The Society. 

Soci4t4 des Sciences Physiques et Haturelles. M4moires 
S6r. 3. Tome IT. Tome T. Cahier 1. 8vo. Bordeaux 

* ** Die Einwirtungen des lebenden Eroscbkdrpers auf den Milxbrandbaeillus,*’ 
‘ Zeitscbiift far Hygiene,* vol. 7,1889, p. 75. 
t Loc. cit. 



102 


I^resenU. 


[May 22, 


Transactions {continued), .... 

1889; Observations Pluyiometriqnes et Tbermometriqnes 
faites dans le D6partement de la Gironde de Jm’n, 188*7, k 
Mai, 1888. , 8yo. Bordeaux 1888. The Society. 

. PranHort-on-Main;—Senckenbergiscbe Katnrforschende Gesell- 
scbaft. Abbandlungen. Bd. XVI. Heftl. 4to. Frankfurt 
1890. The Society. 

, Genera:—Society de Pbysiqne et . d’Histoire Natnrelle. 

M6moires. Tome XXX." Partie 2. 4to. Geweve 1889-90. 

The Society* 

Haarlem:—Mus4e Teyler. ArcHves. Ser. 2. Vol. III. Paso. 4. 
8vo. HaarZem 1890; Catalogue de la Bibliothdque. ,Vol. II, 
Livr. 1-3. 8vo. Harlem 1889-90. The Mnseuno, 

Kew:—^Royal Gardens. Bulletin of Miscellaneous Infomaa.tion. 

Xo. 41. 8vo. London 1890. The Director. 

London:—Aristotelian Society. Proceedings. Vol. I. Xo. 8. 
Part 1. 8vo. London 1890. Messrs. Williams and Xorgate. 
Institution of Civil Engineers. Minutes of .Proceedings, 
Vol. XCIX. 8vo. London The Institution. 

Laboratory Club. Transactions. Vol. IH. Xo. 5. 8vo. 

London 1890. The Club. 

University of London. Calendar. 1890-91. 8vo. London 
1890. The University. 

Zoological Society. Report of the'Council. 1889. 8vo. London 

1890, The Society. 

Lyons:—Soci4t4 d’Anthropologie. Bulletin. 1889. Xo. 3. 8vo. 

Lyons 1890. The Society. 

. Xewcastle-upon-Tyne:—Xorth of England Institute of Mining 

and Mechanical Engineers. Transactions. Vol, XXXVIII. 
Part 5. 8VO. Nevjcastle 1890. The Institute. 

Paris:—^^cole Polytechnique. Journal. Cahier 59. 4to. Baris 
1889. ^ The School. 

Mus4um d’Histoire Xaturelle. Xouvelles Archives. S4r. 2. 
. . Tome X. Paso. 2. Ser. 3. Tome I. Ease. 1. 4to. Baris 
1888-89. The Museum. 

Soci4te Geologique de Prance. Bulletin. S4r. 3. Tome XVII. 
Xo. 9. 8vo. Baris 1888-89. The Society. 

Stockholm :—Kongl. Vetenskaps-Akademie. Ofversigt. Arg. 47. 

Xo, 2. 8vo. Stockholm 1890. The Academy. 

Toulouse :—^Academie des Sciences, Inscriptions et Belles-Lettres. 
Memoires. S4r. 9. Tome I. 8vo. Toulouse 1889. 

The Academy. 

Vienna:—K.K.Geographische Gesellschaft. Mittheilungen. 1889. 
8vo. Wien, The Society. 
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Journals. 

American Journal of Philology. Yol. X. Xo, 4. 8vo. Baltimore 
1889. The Editor. 

A-nnales des Mines. ;S6r. 8. Tome XYI. Livr. 6. 8vo. Paris 
1889. Ecole des Mines, Paris- 

Asclepiad (The) Yol. YII. Xo. 25. 8vo. London 1890. 

Dr. Richardson, P.R.S. 

Galilee (Le) Ann6e 2. Xos. 3-4. 8vo. Paris 1890. 

The Editors. 

Horological Journal (The) Xos. 380-381. 8vo. London 

British Horological Institute. 
Medico-Legal Journal (The) Yol. YII. Xo. 3. 8vo. New York 
1889. Medico-Legal Society, Xew York. 

Xaturalist (The) Xos. 177-178. 8vo. London 1890. 

The Editors. 

Xature Xotes. Xos. 3-4. 8vo. London 1890. The Editors. 
Revista do Ohservatorio. Anno 5. Xos. 2-3. 8vo. Bio de 
Janeiro 1890. The Observatory, Rio de Janeiro. 

Revue Gen^rale des Sciences. Anneel. Xo. 3. 8vo. P£trisl890. 

The Editors. 

Revue M^dico-Pharmaceutique. Annee 3. Xo. 3. 8vo. Oonstan^ 
tino;ple 1890. The Editor. 

Stazioni Sperimentali Agrarie Italians (Le) Yol. XVIIL 
Ease. 2-3. 8vo. Asti 1890. 

R. Stazione Enologica Sperimentale di Asti. 
Technology Quarterly. Yol. III. Xo. 1. 8vo. Boston, 1890. 

Massachusetts Institute of Technology, 
Yictorian Year-Book. 1888-89. Yol. I. 8vo. Melhoume 1889. 

The. Government of Yiotoria. 
Zeitschrift fiir Xaturwissenschaften. J1888. Heft 5-6. 1889- 

Heft 1-6. 8vo. Malle, 

Xaturwissenschaftlicher Yerein, Halle. 


Two Bronze Medallion Portraits of Sir Christopher Wren and Daniel 
Wray, Fellows of the Royal Society. Mr. Evans, Treas. R.S. 
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June 5,1890. 


The Animal Meeting for the Election of Fellows was held this day. 

Sir G-. G-ABRIEL STOKES, Bart., Presid'ent, in the Chair. 

The Statutes relating to the election of Fellows having been read. 
General Clerk and Dr. Gladstone were, with the consent of the 
Society, nominated Scrutators to assist the Secretaries in examining 
the lists. 

The votes of the Fellows present were then collected, and the fol¬ 
lowing candidates were declared duly elected into the Society;— 


Baker, Sir Benjamin, M.Tnst.C.E. 
Bosanquet, Robert Holford Mac- 
dowall, M.A. 

Burbury, Samuel Hawkesley, M.A. 
Gardiner, Walter, M.A. 

Kerr, John, LL.D. 

Lea, Arthur Sheridan, D.Sc. 
MaoMahon, Percy Alexander, 
Major R,A. 

Korman, Rev. Alfred Merle, M.A. 


Perkin, Professor William Henrv, 
jun., F.O.S. 

Pickering, Professor Spencer 
TJmfreville, M.A. 

Roberts, Isaac, F.R.A.S. 

Sharp, David, M.B. 

Teall, J. J. Harris, M.A. 

Thome, Richard Thorne, M.B. 
Weldon, Walter Frank Raphael, 
M.A. 


Thanks were given to the Scrutators. 


June 5,1890. 

. Sir G. GABRIEL STOKES, Bart., President, in the Chair. 

The Presents received were laid on the table,'and thanks ordered 
for them. 


The following Papers were read;— 
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I. ‘^Account of recent Pendulum Operations for determining 
the relative Force of Gravity at the Kew and the Green¬ 
wich Observatories.” By General Walkee, C.B.j F*E.S., 
LL.D. Keceived April 15, 1890. 

(Abstract.) 

It is well known that a series of pendulum observations was 
carried on in India, during the years 1865 to 1873, with two invari¬ 
able pendulums, the property of the Boyal Society. The Observatory 
of the Royal Society at Kew was chosen as the base-station of the 
operations, and the pendulums were swung there before being sent 
out to India, and again on their return from India. With a view to 
connecting the observations with those which had already been taken 
with other pendulums in other parts of the world, it was intended, on 
the retarn of the pendulums from India, to swing them at the Royal 
Observatory at Greenwich, which was a well established pendulum 
station, observed at by General Sir Edward Sabine, the Russian 
Admiral Liitke, and others. But when the time arrived for making the 
observations at the Greenwich Observatory, such extensive prepara¬ 
tions were being made there for the equipment of expeditions for the 
observation of the approachiug transit of Venus that no room was 
available for the pendulum operations. It was, therefore, decided to 
make the connexion with Kew by swinging at Kew Kater’s convertible 
pendulum, for determining the absolute length of the seconds 
pendulum, which had been swung 40 years previously at Greenwich by 
General Sabine. This being done, the length of the seconds pendu¬ 
lum at Kew was found to be 0*0027 of an inch greater than the 
length which had been previously determined at Greenwich, and con¬ 
sequently that the daily vibration number was three vibrations 
greater at Kew than at Greenwich. The diJfference, however, was 
far too large to be admissible, as the observatories are nearly in the 
same latitude, and differ very slightly in height. 

In 1881 Colonel Herschel, R.E., was deputed by the Secretary of 
State for India to take pendulum observations at the two observa¬ 
tories, and at the old pendulum station in London, and also at some 
stations in America, with a view to improving and strengthening the 
connexion between the observations in India and those in other parts 
of the world. On completing his work in America, he handed over 
the three pendulums which he had employed to officers of the United 
States Coast and Geodetic Survey, by whom they were taken round 
the world and swung at Auckland, Sydney, Singapore, Tokio, San 
Francisco, and finally at Colonel Herschefs terminal station at 
Washington. 

T 2 
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But wlxen tTie observations came to be finally reduced, it was found 
tbat the difference between Colonel Herscbel’s results at Kew and 
Greenwich, as shown independently by the three pendulums, had an 
extreme range of about seven vibrations in the daily vibration 
number. The cause of these differences was mysterious and inex¬ 
plicable, and there was no alternative but to swing the pendulums a 
second time at the two observatories. 

The revisionary work was undertaken by the observatory staff at 
each place, in such intervals of leisure as they could obtain from their 
regular operations. The final results, by the three pendulums, make 
the vibration number at Kew in excess of that at Greenwich by 1*56, 
1*50, and 0*59, giving an average excess of 1*22. 

The correction to this quantity for the excess of height of the 
Greenwich over the Kew Observatory is —0*58. Thus, the revisionary 
operations, reduced to the mean sea-level, make the excess of Kew 
over Greenwich = 0*64 of a vibration, which may be accepted as 
very fairly probable. 


II. ** Observations on Pure Ice.”—Part IL By Thos. Andrews, 
F.R.S .5 MJnstC.E. Eeceived May 1,1890. 

The ^Plasticity of Ice^ 

In a paper, ‘Boy. Soc. Proc.,’ vol. 40,1886, p. 544,1 recorded the 
result of “ Observations on Pure Ice and Snow,” and having sub¬ 
sequently had occasion to use large quantities of low temperature 
freezing mixtures in the prosecution of other investigations, it seemed 
desirable to take advantage of the opportunity, and to further utilise 
the freezing mixtures in making collaterally the following additional 
experiments bearing on some of the plastic or viscous properties of 
ice at various temperatures. Messrs. J. 0. McConnel and D. A. Eadd, 
in their valuable and interesting paper on “ The Plasticity of Glacier 
and other Ice ” (‘ Roy. Soc. Proc.,* vol. 44, 1888, p. 331), remark that 
“ the variation of the plasticity of ice with the temperature is of great 
interest both for the theory of glaciers and for the explanation of the 
plasticity itself.” I hope, therefore, that the experiments now re¬ 
corded may assist in affording some information in connexion with 
this subject. An acquaintance with the causes of the flow of glaciers 
can scarcely be complete without some accurate experimental know¬ 
ledge of the plasticity of ice at various temperatures, and it was 
partly with this object that the following experiments were com¬ 
menced. The experiments form a continuation of those contained in 
my former paper. The arrangement of apparatus is described below, 
and illustrated by the accompanying sketch, fig. 1. 
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Fig. 1. 



Tlie ice for tlie pure ice experimeuts was frozen from distilled water 
contained in a sheet-iron vessel. The inner tank was surrounded 
both at the sides and bottom by an outer jacket of iron, which was 
provided with holes at the bottom for the waste liquids to escape. 
The coolest freezing mixture used, No. 1, consisting of three parts 
by weight of crystallised calcium chloride and two parts by weight of 
snow, was placed in the compartment A, which yielded a constant 
temperature of —So*' F. There was also provided a larger outer com¬ 
partment B, filled with the freezing mixture No. 2, of snow and 
ordinary salt, giving a steady temperature of 0® F., the latter mixture^ 
No 2, completely enclosing the inner and coolest freezing preparation. 
No. 1. Good results were obtained by using this arrangement. 
Previous to mixing, large quantities of the snow and calcium chloride 
crystals were stored and maintained separately at a temperature of 
0'^ F. in other vessels, and the respective freezing mixtures. No. 1 in 
compartment A, and No. 2 in compartment B, surrounding the ice 
tank were constantly renewed during the experiments from these 
cold stores. Thermometers were inserted in the mixtures and also in 
the ice during the experiments. The preceding description refers to 
the maintenance of the ice block at the lower temperature of —35® F. 
for the observations required at that temperature. 

For the observations at 0® F. the ice block was surrounded only by 
the freezing mixture of snow and salt placed for these experiments 
in compartment A, and the ice block was encircled by snow only for 
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tlie experimeiits at 32® F. On repeating the experiments in every 
instance, the water for the ice block was first frozen by the applica¬ 
tion of a temperature of 0® F., which was afterwards reduced to 
—36° F. In making the observations, the extent of the penetration 
of the steel rod at the latter low temperature was first taken; the ice 
was then allowed gradually to acquire throughout a temperature of 
0° F., and its penetrabiliiy ascertained; the ice block was afterwards 
allowed to reach the temperature of 28° and 32® F., and the final 
measurements obtained. The results recorded are the average of 
numerous measurements taken directly at different places on the ice 
block a suf6lcient distance apart, the indentation caused by the 
previous penetration of the rod being filled with water, which rapidly 
froze up. The variation in penetrability at different places on the 
ice block when measurements were taken at the same temperature 
was not great. 

The polished steel rod used for ascertaining the penetrability was 
16 inches long and 0*292 inch diameter; its extremity was a flat disk, 
so as to avoid any liability of shearing action. The rod was main¬ 
tained in an upright position by a suitable arrangement of guides, 
and error arising from its conductivity was obviated by surrounding 
it throughout its length with fine sawdust contained in a loosely 
fitting bag which surrounded it. The weight, of 181-| lb. (inclusive 
of the weight of the platform and guides), was placed on a sliding 
wood platform working in a frame, the whole weight resting during 
experimentation on the top of the steel rod (see fig. 1). 

Repeated observations were made in the above manner with the 
results recorded on Diagram I. 

I also made a large number of experiments on the plasticity of 
natural lake or pond ice, which were conducted in a somewhat similai 
manner; the results showed a greater absence of uniformity in the 
amount of penetration when compared with results at a similar tem¬ 
perature obtained from the specially prepared pure ice blocks. The 
observations were taken on the surface of the ice of a large artificial 
lake or dam, being a storage reservoir for Wortley Iron Works, about 
4acres in extent, the depth vaa’ying from about 8 to 10 feet, the thick¬ 
ness of the ice being given on Diagram II. The water of this pond 
is still, no current of water passing through it; it is therefore practi¬ 
cally a small lake. The observations were taken after sunset, and 
mostly throughout the long cold nights, so as to avoid, as far as 
possible, any influence of the sun on the surface of the pond ice. A 
number of measurements were taken adjacently in one locality of the 
pond, the apparatus being removed to another part for another set of 
observations, and so on, till the completion of the results. The obser¬ 
vations were taken at various periods extending over some time. 
Thermometers were inserted in the ice, and the atmospheric tern- 
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peratnre was also regularly taken; felie latter corresponded witk tke 
temperature of tlie ice. The results are given on Diagram IL In 
connexion witli the influence of the composition of water on the 
plasticity of the ice frozen therefrom, it may he desirable to give an 
analysis of the water supplying the pond, which was as under:— 


Table 1.—^Analyses of Water. 
Results in Grains per Gallon. 



Total 

residue. 

Inorganic 

matter. 

Loss on 
ignition. 

l^otal sulphates 
as (SO 3 ). 

Dry seasons.., 

15 -68 

11 -TO 

3-58 

3*29 

Rainy seasons. 

11*31 

7*56 

S-75 

2-93 

Analysis of sample of water, during a very dry season. 

Results in grains per gallon. 

Deposit on boiling 
Iron (Fe). 


... 0*30 

... 0*28 


Calcium (Oa).... 


... 3*29 


Magnesium (Mg). 


... 1*44 


Chlorine (Cl) #... 


... 0*69 


(SO 4 ). 

Total inorganic matters 

... 2*88 « SO 3 2*4 

8*88 

... 8*40 


The above analyses of the water during dry seasons are the average 
of nine different analyses at periods extending over six years, and the 
analyses of the water during rainy seasons are the average of ten 
analyses at various periods during six years. 

The reaction of the water with litmus was slightly acid, and sul¬ 
phates were generally present in quantity. 

A number of experiments were made to ascertain whether any por¬ 
tion of the saline constituents of the pond water was taken up into 
the ice during crystallisation. Contrary to expectation, and instead 
of the ice being found perfectly pure and free from saline matters, it 
was noticed that the composition of the natural ice was materially 
affected by the presence of a proportion of the salts of the water from 
which the ice was crystallised. Roughly speaking, the proportion of 
inorganic matter found in the melted ice would be about 10 per cent, 
of the total inorganic salts contained in the pond water from which 
it was frozen; it was also observed that there was a great proper- 
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tionate preponderance of organic matter in the ice compared with the 
water. The experiments were made as follows:—Portions of the ice 
were taken from nnmerons places on the pond, and very thoroughly 
washed with distilled water, the ice was then melted in large glass 
beakers, and the melted ice was found to be perfectly clear and 
translucent, there being no deposit after the water had stood for a 
considerable time. The melted ice, in quantities of half a gallon, was 
evaporated to dryness in a platinum basin, the residue dried at 212° 
and weighed, being subsequently ignited and again re-weighed. The 
results are given on Table II. The results obtained confirm the 
observations made by Buchanan on the composition of ice in Arctic 
s^s; see remarks hereon towards the close of this Memoir. 


Table 11.—^Analyses of Pond Ice. 
Eesults in Grains per Gallon of the Melted Ice. 


Experi¬ 
ment No. 

Total 

residue. 

Inorganic 

matter. 

Loss on 
ignition. 

Examination of the inorganic matters. ; 
Kesult in grains per gallon of melted 
ice. 

1 

1-70 

0*92 

0-78 


2 

1 *^ 

1*10 

0*74 

Iron (Pe). 0 *110 


. 1-86 

0-90 

0-96 

Calcinm (Oa),.. 0 *207 : 

4 

1*80 

0*94 

0-86 

Magnesium (Mg) 0 ^0615 ^ 

5 

1*42 

0*84 

0*68 

SO4.... 0*461 « SO 3 0*386 

6 

1*47 

0*91 

0*56 

Average.. 

1-68 

0*93 

0-75 

Chlorides were also present. 


The penetration of the steel rod into pure ice at constant tempera¬ 
ture of —35° P. is shown on Diagram I by curve I; at 0° P. by 
curve II; at 28° P. by curve III; and at 32° P. by curve IV. 

In tho experiment, curve II, the needle was allowed to remain on 
the ice for a total period of 42 hours, the penetration at 18 hom*s 
from commencement was 0*906 inch, at 30 hours 1*031 inch, and at 
42 hours fiom commencement 1*187 inch. 

The penetration of the steel rod into pond ice at 28° P. is shown on 
Diagram II by curve I, and at 32° P. by curve II. 

The pond ice, curve I, was 6^ inches thick, and curve 11, inches 
thick. 
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Diagram I.—^Plasticity of Pure Ice, as shown by penetration of steel rod therein, 
at temperatures stated. 



7'urn-' from ronnn merit /// /{uur.s 


Diagram 11,—Plasticity of Pond Ice, as shown by penetration of steel rod 
therein, at temperatures stated. 
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Table III. 


Penetrability of steel rod into pure ice. Temperature of ice rising gradually 
from 0° to 32° P. 


Time from commence¬ 
ment. 

Temperature of ice in 
degrees Pabrenbeit. 

Penetration of steel rod. 

3 hours. 

10-00 

incbes. 

0-458 

4 » 

12-33 

0-604 

5 „ 

14-00 

0-781 

6 „ 

17-33 

0-948 

7 „ 

19-00 

1-125 

8 » 

20-00 

1-271 

9 » 

20-67 

1-427 

10 „ 

21 -33 

1-604 

11 » 

22-00 

1-760 

la „ 

22-67 

1-937 

13 „ 

23-33 

2-104 

14 P 

24*33 

2*250 

15 .. 

24-67 

2-448 

16 „ 

I 25-33 

2-685 

17 „ 

1 25-67 

2-777 

18 „ 

26*33 

2 -888 

20 „ 

26-67 

3 -124 

21 „ 

27-33 

3 *339 

22 „ 

27-67 

3*502 

28 „ 

28-00 

4-021 

26 „ 

28-33 

4*423 

27 „ 

29-00 

4-806 

29 „ 

29-67 

6-174 

31 „ 

30-00 

5-583 

34 „ 

31-33 

6-375 

35 „ 

81 -67 

6-661 

38 „ 

31-67 

7-155 

39 „ 

31-67 

7-483 

51 „ 

32 -00 

8-625 

89 

32-00 

10 ** 126 


Tbe aboYe results are tbe average of three sets of observations 
made on a cylinder of pure ice 2 feet IJ inches long, 2 feet 1| inches 
diameter, weighing 470 lbs. 
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Table IV. 


Penetration of steel rod into pure ice, tlie ice gradually rising in 
temperature from 26° to 32*^ P., and tlien remaining at 32° P., 
and subsequently gradually softening. 




Time 




1 



from 

Experiment N’o. 1. 

Experiment No. 2. 

Experiment No. 3. 









Tempera- 

Penetra¬ 
tion of 

Tempera- 

Penetra¬ 
tion of 

Tempera- 

Penetra¬ 
tion of 


of ice in 
degrees 
Pahr. 

steel rod 
No. 1 in 
inches. 

of ice in 
degrees 
Pabr. 

steel rod 
No. 2 in 
inches. 

of ice in 
degrees 
Pahr. 

steel rod 
No. 3 in 
inches. 








0 

26 






5 

26 

2‘750 





16 

26 






30 

26 

3-250 





45 

27 






1 0 

28 

3-750 





2 0 

28 

4-125 





3 0 

28 

4-376 





4 0 

28 

4-625 





8 0 

28 

5-375 





13 30 

28 

6-562 





19 0 

46 20 

28 


32 




46 25 



32 




46 40 



32 

5-250 



46 55 



32 

5-562 



47 10 



32 

6-875 



47 26 



32 

6-062 



47 40 



32 

6-187 



48 40 
48 45 



32 

6-562 

32 

0-000 

48 50 





32 

5-375 

48 55 





32 

6-562 

40 6 





32 

7-000 

49 10 





32 

8-500 

49 15 






9*500 


TKe above observations were made on a cylinder of pure ice 2 feet 
incbes long, 2 feet If inches diameter, and ■weighing 470 lbs. 

In experiment ITo. 2, the ice cylinder had remained at a tempera¬ 
ture of from 26^" to 28® P. for 46 hours 20 minutes previous to com¬ 
mencing the experiment with steel rod hTo. 2, 

In experiment No. 3, the ice cylinder had remained at a tempera- 
tuure of 32° F. for 2f hours previous to commencing the experiment 
mth steel rod No. 3.' 

These experiments show that the plasticity of the ice was very 
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rapidly and consideraMy increased after reacliing, and whilst it after- 
fvards remained at, a temperature of 32® h’. 


General Bema/rhs. 

1st, deferring to the results of Diagram I, and taking the relative 
penetration of the steel rod at the respective temperatures as an in¬ 
dication of the plasticity of the ice, it will he noticed that there was 
a considerable reduction of plasticity as the temperature lowered. 
Regarding as a guide the total depth penetrated by the steel rod, 
during equal and comparative periods of time (as, for instance, the 
results at 2, 3, 4, 5, 6, *7, &c., hours. Diagram I, curves 1, 2, 3), into 
ice at different temperatures, these comparative experiments show, 
in a majority of instances, that, if the plasticity of the ice at —35® F. 
be called one, at 0° F. it would be about twice as much, and at 28® F. 
the plasticity would be about four times as great as at 0® F., or eight 
times as much as at —35° F. When the ice was maintained at a 
temperature of 32° F., it will be seen that the plasticity very con¬ 
siderably increased, this being probably owing to the reduced 
cohesion at this temperature between the faces of the ice crystals 
forming the mass. 

2nd. It will be further noticed that the plasticity was greater 
during the gradual molecular changes occurring in course of the 
slow rising of temperature from 0° F. to 32° F., see results on Table 
III, than when the ice was maintained at even temperatures, as in 
the experiments on Diagram I. 

3rd. Reverting to the observations on Table IV, if the time required 
for the steel rod to penetrate a certain depth, say, 6^ inches, into the 
ice under conditions of experiments 1, 2, and 3, Table IV, be taken as 
an indication of the relative plasticity of the ice under conditions of 
these experiments, it will be seen that the plasticity was roughly 
about 579 per cent, greater in ITo. 2 than Ho. 1, and 1400 per cent, 
greater in Ho. 3 than in Ho. 2, these results showing proportion¬ 
ately the rapid manner in which the mass of ice was becoming 
internally plastic, although retaining an outward apparent rigidity. 
The Rev. Coutts Trotter, in his paper (‘Roy. Soc. Proc.,’ vol. 38, 
1885, p. 92), states that “the ‘viscosity ’ of ice probably diminishes 
very rapidly with the temperature,” and it appears probable from the 
experiments of M. Person (‘ Comptes Rendus,’ vol. 30, 1850, pp. 
526—528) that —2° C. is the temperature at which ice begins to 
soften. The Rev. C. Trotter, after summarising the experimental 
evidence, also arrives at the conclusion that the general interior and 
bottom portions of a glacier, near the surface of the earth, are of a 
constant temperatnre of about 0® C., and my experiments recorded on 
Diagrams I and II and Tables III and IV demonstrate the greater 
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plasticity of ice, in tlie mass, at similar temperatures. Mr. Trotter 
further remarks that “ the supposition that, while ice at 0® 0. is sensibly 
viscous, the viscosity diminishes rapidly with the temperature is in 
complete accordance with the facts of the changes which take place 
in a glacier during the winter.” The comparatively great contracti- 
hility in ice observed at considerably reduced temperatures, see my 
paper on “ Observations on Pure Ice and Snow ” (‘ Roy. Soc. Proc.,’ 
vol. 40,1886, p. 544), accounts for the great reduction in its plastic 
properties. This is in full accord with the practical cessation of 
motion in glaciers during the cold of winter. I believe that the 
plastic properties of ice in the mass are variable, and are also, to 
some extent, influenced by the rapidity or otherwise of its crystal¬ 
lisation. Thus, a mass of water rapidly frozen at an intensely low 
temperature would, no doubt, crystallise into a larger number of 
smaller crystals than those* which would result from a more slow 
solidification of the mass of water at a comparatively higher tempera¬ 
ture of freezing. 

4th. It will be noticed, on comparing the results of Diagrams I and 
II, that the plasticity of the naturally frozen pond ice was manifestly 
greater than that of the artificially prepared pure ice, and the 
difference in results may, to a certain extent, probably be accounted 
for by difEerence of composition of the respective frozen waters and 
ice (the block ice being frozen from pure distilled water, the com¬ 
position of the pond water and ice frozen therefrom being given on 
Tables I and II) ,* I think, also, the difEerence was, to some extent, 
owing to the direction from which the pond ice was frozen, viz., from 
the sux'face only. Further, this comparative diflerence in the 
behaviour of the pond ice was doubtless owing to a portion of the 
saline constituents of the water interspersing, during congelation, 
between the faces of the individual crystals of ice, thereby tending 
to reduce the cohesion of the mass as a whole and increasing its 
plasticity. Mr. J. T. Buchanan, F.R.S., has shown that in Arctic ice, 
contrary to expectation, the whole of the salts do not separate from 
sea-water ice during congelation, but that they remain interspersed 
amongst the interstices of the crystalline mass (“Ice and Brine,” 
Edinburgh Roy. Soc. Proc.,’ vol. 14, 1888, p. 129). My experiments 
on Table II also show that the composition of pond or natural river 
ice is affected in a similar manner, and afford confirmation of the 
views held by Buchanan on the composition of sea-water ice in Arctic 
regions. The fact of the pond ice having been slowly crystallised 
would further tend to modify its physical properties, compared with 
ice rapidly crystallised by an intensely low temperature, simul¬ 
taneously acting only from the bottom and sides of the mould or 
tank. Measurements of the expansibility of ice may also be affected 
accordingly as such measurements are taken either longitudinally or 
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ti*ansversely to the line of the cold crystallising force, and from my 
former experiments in this direction (‘ E»oy. Soc. Proc.,’ yoL 40, 1886, 
p. 544), I think there appear snhstantial indications that ice may 
expand unequally in di€erent directions. Messrs. McConnel and 
Kidd have shown, in their experiments with glacier ice, that 
‘‘ordinary ice, consisting of an irregular aggregation of crystals, 
exhibits plasticity, both under pressure and under tension at tem¬ 
peratures far below the freezing point, down to —9° at least, and 
probably much lower.” The experiments recorded on Diagram I 
now practically demonstrate the latter supposition, and I found the 
plasticity at the lower temperature to be very considerably reduced. 
Mr. J. Y. Buchanan, F.R.S., in his paper on “Ice and Brine” 
(‘Edinburgh Roy. Soc. Proc.,’ vol. 14,1888, p. 129), has expressed 
notions of the plasticity and flow of glacier ice which tend to confirm 
the views of Messrs. McConnel and Kidd on this subject. In this 
direction the experiments on pure ice, Diagram I, compared with 
those on pond ice, Diagram II, have shown that ice frozen from 
water containing saline constituents is more plastic than the ice 
frozen from pure distilled water. 

I hope that the experiments of this memoir may help to afford 
information in connexion with the interesting subject of the plasticity 
of ice. 


Appendix. 

Attention has very recently been drawn to the manner in which 
lake ice has a tendency to crystallise, in a series of interesting 
letters published in ‘Nature,’ 1889, by Mr. Thomas H. Holland, 
Mr. T, W. Backhouse, Mr. T. D. Latouche, Messrs McConnel and 
Kidd, and others, I have myself also frequently noticed the six- 
i-ayed starlike figures and skeleton triangular forms on natural pond 
ice, and other similar indications of the tendency of lake ice to the 
hexagonal form of crystallisation. 


IIL “ The Passive State of Iron and Steel.”—Part I. By 
Thos. Andrews, F.R.SS.L. and E., M.Inst.G.E. Received 
May 18, 1890. 

The singular metallurgical phenomenon of the passive state of iron 
presents many features of interest, affording a wide field for original 
research. The knowledge we possess on this peculiar and obscure 
subject is not, however, very extensive, owing possibly to the difficul¬ 
ties encountered in devising suitable methods of research in relation 
thereto. The author, therefore, approached the investigation with 
considerable diffi.dence, feeling greatly the difficulties accompanyiug 
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a researcli of this intricate nature. He feels, however, rewarded hj 
the measure of success which has ensued. The general tentative 
conclusion he has arrived at, as a result of careful experimentation, 
is that the passive state of iron and steel ought not to he regarded as 
fixed or static, the electro-chemical observations tending to show that 
the passivity is a property influenced more or less by various condi¬ 
tions, such as variation of the molecular structure and chemical 
composition of the iron and steel, different strengths of nitric acid, 
modification of attendant physical conditions, magnetism, tempera¬ 
ture, fk;. It is known that when bright iron is immersed in nitric 
acid of 1*4 sp. gr., the iron is not acted upon, but remains passive in 
the acid, which appears to exert no perceptible effect upon the metal. 

Under certain circumstances iron is not acted upon at all by nitric 
acid. Iron in this state is termed passive, and this condition is 
brought about by dipping the metal into concentrated nitric acid and 
then washing it ’’ (‘ Treatise on Chemistry,’ by Sir Henry E. Hoseoe, 
E.R.S., and Dr. 0. Schorlemmer, E.R.S.). The late Dr. Jno. Percy, 
E.R.S., the eminent metallurgist, referring to the passive state of iron, 
remarked that ‘‘ this is a very curious and interesting subject, which 
may possibly be one day found to admit of valuable practical applica¬ 
tion.” The passive state of iron appears first to have been observed 
just a century ago by Keir, and brought before the notice of the 
Royal Society in 1790 (‘ Phil. Trans.,’ 1790, p. 379) ; he observed that 
strong nitric acid had no action on iron when the metal was placed 
therein. Bergman, Scheurer-Eestner, Schonbein, and Buff also 
made some observations on the passivity of iron previous to the year 
1848. Earaday and Beetz were disposed to attribute the passive state 
of iron to the immediate formation of a very fine envelope or film of 
oxide on immersion of the metal in concentrated nitric acid, whereas 
Sir John Herschel (‘ Annales de Ohimie,’ voL 54, 1833, p. 87) con¬ 
sidered the phenomenon was due to a certain permanent electric state 
of the surface of the metal. ^ 

Westlar (‘ Annales des Mines,’ vol. 2, 1832, p. 322) observed that 
when iron or steel had been immersed in nitrate of silver solution it 
failed to precipitate copper from its solutions. 

Braconnot (‘ Annales de Ohimie,’ vol. 52, 1833, p. 288) noticed that 
filings or plates of iron were not at all affected in strong nitric acid at 
ordinary temperatures. 

In the present memoir are presented the results of a study of cer¬ 
tain magnetic, temperature, and other conditions which the author 
found to affect the passive state of iron and steel, and he is extending 
the inquiry into the relative passivity of the various modem steels 
and other aspects of the subject. The author observed, in course of 
experimentation some years ago, that when bright iron or steel was 
magnetised whilst immersed in concentrated nitric acid, its passive 
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condition was to some slight extent modified, magnetism acting 
through considerable periods of time apparently exerting a measurable 
influence. For conducting tbe present investigation he devised, and, 
after careful consideration, decided to adopt, the delicate electro¬ 
chemical method of research hereafter described, and by the use of a 
sensitive astatic mirror galvanometer and other appliances the follow¬ 
ing results were obtained, which it is hoped may prove of interest and 
afford an addition to our knowledge of some of the conditions affect¬ 
ing the passive state of iron and steel. 

For convenience, the experiments are classified under the following 
heads:— 

Series I, Table I, containing the i‘esult of observations on the 
influence of magnetisation on the passive state of steel in cold nitric 
acid, sp, gr. 1*42, at temperatui*e of 45° F. or less. 

Series II, Table II, treating of the influence of magnetisation on 
the passive state of steel in warm nitric acid, sp. gr. 1*42, above the 
temperature of 45° F., the experiments showing that magnetised 
steel bars were less passive in warm nitric acid than unmagnetised 
ones. 

Chemical Analysis of the Steel Bars, 


per cent. 

Combined carbon. 0*570 

Silicon. 0*032 

Sulphur. ..•.. trace 

Phosphorus. 0*066 

Manganese... 0*147 

Iron (by difference) .. 99*185 


Total...... 100*000 


Physical Properties of the Steel Bars. 


- 

Contraction of area 

Extension. 

Breaking strain per square inch 

at fracture. 

of original area. 

per cent. 

per cent. 

tons 

22 

2*0 

55-42 


Sebies I. 

The Influence of Magnetisation on the Passive State of Steel in Cold 

Nitric Acid, 

The method of experimentation for the observations of Series I was 
as follows:— 
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For eacli experiment a pair of policed steel Tsars, 8^ inclies long, 
and 0*261 diameter, weve cut adjacently from* a long steel rod to 
insure practical uniformity of structure and composition. The steel 
and iron rods were of the chemical composition and physical proper¬ 
ties given on previous page. 

The apparatus will be understood on reference to fig. 1. 


Fia. 1. 



A pair of bars, supported in a wooden frame, W, were immersed 
in If fluid oz. of cold concentrated nitric acid, sp. gr. 1*42, contained 
in the JJ -tube, A being the magnetised bar, and B the unmagnetised 
one, and allowed to remain therein for periods stated on the Table I. 
The bars were in circuit with a delicate astatic mirror galvanomet^, 
the telescopic observations of the deflections of which were carefully 
taken. In some cases the bar A was previously permanently mag¬ 
netised by hand, and in other instances the bar was magnetised in the ^ 
coil 0 for a short time. In the latter instances the subsequent 
results were due to the residual permanent magnetism. The mag¬ 
netising coil, C, was a powerful one, and was worked in connexion 
with a bichromate battery in cases where the magnetisation of the 
metal was made in the coil. 

A considerable number of experiments were made in the above 
manner, those sets recorded on the Table I Toeing selected as average 
typical ones. In all the following experiments a new wooden stand 
and a fresh pair of bright polished steel or iron rods were prepared 
for each set of observations. 

VOL. XLYIII. K 
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Tlie E.M.F. recorded in all following taWes was ascertained by 
nsing a sensitive galvanometer of loiown calibration in conjunction 
with the ascertained resistance of the nitric acid solutions. 


Table I. 

Influence of Magnetisation on the Passive State of Steel. 


Time 
from 
com¬ 
mence¬ 
ment of 
experi¬ 
ment. 

Electro-cliemical effect between magnetised and unmagnetised steel 
bars immersed in circuit in cold nitric acid, sp. gr. 1*42. E.M.P. 
in volt. The electro-chemical position of magnetised bar, positive, 
except where otherwise specified. 

Experiments, 
Set I. 

Experiments, 
Set II. 

Experiments, 
Set III, 

Experiments, 
Set IV. 

Experiments, 
Sot V. 

Expenments, 
Set VI. 

seconds. 







0 


0*022 

0-022 


0-016 


15 


0-013 

0-021 


0-014 


30 


0-011 

0-020 


0*013 


minutes 







1 

0-001 

' 0-008 

0-019 

0*008 

0*013 


4 

0-004 

0-007 

0-009 

0-011 

0*014 


6 

0*004 

0*008 

0-006 

0-011 

0*014 


8 

0-004 

0-008 

0-007 

0*011 

0-015 


10 

0*005 

0-007 

0-008 

0*011 

0-015 

0-006 

12 

0*006 

0-007 

0-009 

0-011 

0-015 

0-006 

16 

0*005 

0*007 

0-011 

0*011 

0-016 

0-006 

20 

0*006 

0*006 

0-011 

0*011 

0-015 

0 006 

24 

0*006 

0 006 

0-012 

0-010 

0*515 

0-006 

28 

0-006 

0-006 

0-013 

O-OlO 

0-015 

0-006 

30 

0*006 

0-006 

0-013 

0 010 

0-015 

0-006 

86 


0-007 

0-013 

0-006 

0-016 

0 006 

50 


0-008 

0*014 

0-007 

0-015 

0-004 

llOUTS 







1 


0-010 

0-014 

0-007 

0*016 

0*004 

2 


0 011 

0-018 

0-007 

0-016 

0-0O4 

8 


0-013 

0-020 

0-008 

0-017 

0*005 



0-016 

0-022 

0-008 

0-017 

0*005 

4 



0-022 

0-008 

0 017 

0-006 

6 



0-024 


0-017 

0*006 

8 



0*026 


0-018 

0-007 

12 



0-030 


0-018 

0-007 

16 



0-030 


0-018 

0-007 

18 



0-030 


0-018 

0-008 

20 



0-029 


0 019 

0-008 

22 



0-029 


0-019 

0*008 

24 



0-029 


0-019 

0-008 

26 






0-007 

28 






0-007 

80 






0-007 

40 






0*013 

42 






0-013 
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Table I— contimied, 

Inflaence of Magnetisation on tbe Passive State of Steel. 


Time 
from 
com¬ 
mence¬ 
ment of 
experi¬ 
ment. 

Electro-chemical effect between magnetised and nnmagnetised steel 
bars immersed m circuit in cold nitric acid, sp. gr. 1-42. E.M.E. 
in Tolt. Tne electro-chemical position of magnetised bar, positive, 
except where otherwise specified. 

Experiments, 
Set VII. 

Experiments, 

SetVllI. 

Expenments, 
Set IX. 

Expenments, 
Set X. 

Experiments, 
Set XI. 

Experiments, 
Set XII. 

hours 







1 


0-0005N 

0-0005 K 

0-000 

0*000 

0*011 

3 

0-004N 

0*006 

0-001 js- 

0*000 

0*000 

0*018 

12 

0-003 

0*011 

0*000 

0*002 

0*002 

0*020 

20 

0*008 

0*012 

0-001 

0*004 

0*004 

0-021 

24 

0*012 

0*012 

0*001 

0-002 

0-005 

0*026 

26 

0*012 

0-012 

0*001 

0*002 

0*005 

0 025 

28 

0 013 

0*013 

0*002 

0*002 

0*006 

0*026 

30 

0'013 

0*013 

0*002 

0*002 

0*006 

0-02S 

82 

0*013 

0*014 

0*002 


0*006 

0*028 

40 

0*016 

0*015 

0*004 


0-007 

0*030 

42 

0-017 

0*015 

0*004 


0 007 

0*030 

48 

0*020 

0*016 

0*006 


0-C07 

0 032 

51 

0*020 

0-016 

0*006 


0*008 

0*032 

64 

0*020 

0*016 

0-007 


0*011 

0*082 

66 

0*020 

0-017 

0*008 


0*011 

0-032 

72 

0*023 

0-017 

0*011 


0*011 

0-032 

days 

3i 

0*023 

0*017 

0*011 


0*011 

0*030 

3| 

0*024 

0*017 

0 012 


0*012 

0*027 

n 

0*025 

0*018 

0*013 


0*012 

0 '024 

4 

0*026 

0*018 

0*014 


0*013 

0*022 


0*026 

0*018 

0*014 


0*013 

0*020 

4i 

0*027 

0*018 

0*015 


0-013 

0*018 


0*027 

0*019 

0*016 


0*013 

0*016 

5 

0*028 

0*019 

0*016 


0*013 

0-013 


0*028 

0*019 

0*016 


0*013 


5i 

0*028 

0*018 

0 017 


0 013 


&l 

0*028 

0*018 

0*017 


0-013 


6 

0*028 

0*017 

0*017 


0*013 



0*027 


0*017 


0*013 


fiir 

0*026 


0*017 


0*013 


6i 

0*025 


0*017 


0*013 


7 

0*024 


0*017 


0*013 



Some of the magnetised bai’S employed in tbe experiments on 
Table I were magnetised by touch, and in other experiments they 
were magnetised in the coil as previously described. 

In some instances on Table I it was noticed that on the first im¬ 
mersion of the metals in the nitric acid an almost instantaneous but 
steady deflection of considerable extent of tbe needle of tbe galvano¬ 
meter occurred, indicating an electro-positive position for the 
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ma*gaeMse(J bar; tHs move esifcended flixig of the galvanometer, how- 
ever, subsided in a few seconds, and did not interfere with after 
results due to electro-chemical action. 

The results of Series I, in cold nitric acid, were perhaps more per¬ 
ceptible in those experiments extending over the longer periods (see 
Table I), though even in these, the effect was comparativelj small. In 
a recent research by the author on “Electro-chemical Effects on 
Magnetising Iron/^ Part II (‘Roy. Soc. Proc.,’ vol. 44, p. 152), it 
Was noticed that local currents were set up between the polar 
terminals and central portions of steel magnets exposed in electro¬ 
lytes, and this class of local action, together with the slight alteration 
of the physical structure of the magnet bars consequent on their 
inagnetisation, may possibly be involved in producing the effects due 
ti> magnetism on passive steel or iron in concentrated nitric acid. 
The influence of magnetism of low intensity, whilst modifying to a 
very limited extent, does not, however, appear sufl&cient entirely to 
overcome, the passivity of the metal in nitric acid, and the influence 
of even a powerful magnetic force, though doubtle&s slightly modify¬ 
ing (to the extent, possibly, of the slight alteration of physical state* 
in the metals, induced by magnetism), did not destroy the passivity 
of bright iron or, steel exposed to. its action in cold strong nitric 
acid. 

I The whole of the resnl^ Op T^le I afford an indication that mag^ 
aetisation of comparatively low intensity, acting during considerable 
periods of time, exerts only a limited modifying influence bn the 
passivity of iron ot steel in the cold, or up to a temperature of about 
W though the influence is just discernible when employing a 
delicate galvanometer. Magnetisation, with the nitric acid at a 
higher temperature, produces a quicker effect, see results in Series II, 
Table II. The author is pleased to see that somewhat similar con¬ 
clusions as to the influence of powerful magnetisation on the passive 
state of powdered iron in warm nitric acid have been independently 
arrived at in America by Messrs. Nichols and Franklin, who, in some 
recent interesting experiments, have found that powdered iron in 
nitric acid, 1’868 sp. gr., when placed in a test-tube in a suitable 



apparatus between the poles of a powerful electro-magnet commenced 
to be violently acted upon when’raised to a temperature of 51° 0. 
Unmagnetised iron usually rem€^ns passive in strong niiric acid 
%nril a temperature of about 89® G. is reached, when an explosion, 
ic^asequent on loss of passivity, occurs. Messrs. Nichols and 
FrahMin’s experiments, therefore, show that very powerful magnetic 
to lower the temperature of transition from the passive 
% the.aelave state* They have also found that “the intensity of the 
nMignbkb field necessary to convert passive into active iron at a aiTbn 


lure intareases rapidly with the concentration of the acid.^’ 



we liaVe Ibeea i^siiijlta»eolieIy 'atod indepen¬ 
dently p^dsecttili^ig' i^searclies having a like dbjeoffe, it is satisfac¬ 
tory to have arrived at somewhat similar concinsidns, thongh by 
different methods of experimentation, 

^SebiisIL 

IMuence of Magnetisation on the Passive State of Steel in Niirio 
’ ' " i Acidy 1*42 sp, gr,^ above the temperatme of4b° F. 

^he experiments for this set of observations were con ducted in a 
le^What similar manner to those of Series L The ll-tiibe contain- 


Pie. 2. 



ing the nitric acid of 1*42 sp. gr./ with the magnetised bar A, 
inches long, 0*261 inch diameter (permanently magnetised by 
touch), and unmagnetised bar B, 8^ inches long, 0*261 inch diameter,, 
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were immersed and rigidly supported in a large beater of water on a 
Sand-bath, and the whole gradually heated to any required tempera¬ 
ture, a thermometer, T, being suspended in the beaker. The mag¬ 
netised and unmagnetiaed bars were in cii’cuit with a delicate 
galvanometer throughout each experiment. 

The arrangement is shown on fig. 2, and the results are given on 
Table II. 

The nitric acid remained perfectly colourless until a temperature of 
about 100° to 120° F. was reached, when a very pale-yellow tint 
began to be pei’cepbible in both tubes, which gradually deepened 
until the critical point of explosion was reached, at which the passivity 
of the steel ceased. 

During the intervening period, the metal was acted upon but 
slightly in both tubes; a small evolution of gas showed itself in the 
form of tiny bubbles adhering to the surface of the steel rod at a tempe¬ 
rature of about 170° F. No extensive solvent action, however, occurred 
until the acid arrived at a temperature of about 190° to 200° F. (the 
explosion occurred most frequently at an average temperature of^ 
195° F.), when, without any previous warning, a violent explosive 
evolution of red nitric oxide gas took place, the steel being instantly 
and vigorously attacked by the nitric acid. After the first explosion 
the metal again became pairtially passive for a shoi*t time. The 
explosion and solution of the steel first commenced in the limb 
of the U-tube containing the magnetised steel bar, and the first inti¬ 
mation of the passivity of the steel having been overcome was a 
sudden and extensive fling of the galvanometer, positive for the 
magnet ban The bars were almost instantly removed from the 
nitric acid; the solution in the limb of the U-tube which had con*- 
tained the magnetised bar was of a very dark-brown colour compared 
with solution in the other limb, thus giving further proof that the 
magnetised bar had been first attacked. 

At the moment of explosion, the E.M.F. was very considerable; in 
several instances it varied from about -j^^th to as high as Jrd of a 
volt, the magnetised bar being the electro-positive metal, sCe 
Table II. 

In the experiment, Table II, col. 9, the temperature was not raised 
above 185° F., and no explosive evolution of nitric oxide gas, there- 
foi*e, occurred; the metals were maintained in the nitric acid ai} a 
temperature gradually reducing from 185° to 165° F. in course of 
one hour. The steel did not fully lose its passivity, but was, how¬ 
ever, only very slowly and partially acted upon by the nitric acid, 
even at this high temperature. 



Table II. 


Omrent between bright magnetised and tinnm^etised passive st^l 
- tnre fears immersed in circuit in warm nitric acid, 1*42 gr. The . 
iddegrW, electro-cbemioal position of the magnetised bar, positive^ except 
. J’ahimi- * where otherwise specified. E.M.F. in volt. 


Column 

Ko.2. 


Column 
No. 3. 



Column 
No. 4. 



1 

0*004. 


; o-roo 

0 004 

0*004 

OOOOSN 

0*005 

0*004 

. 0*001 N 

0*006 

0*004 

O-OOIN 

0*008 

0*0(B 

0*001 N 

0*009 

0*003 

0*001 N 

0*011 

0-002 

O-OOIK 

0*011 

0*001 

O-OOIN 

! 0*012 

0-0005 

0*0005 N 

; 0*013 

i 0*000 

0*000 

1 0*012 

1 0-0005 W 

0*000 

! 0*011 

1 0*001 N 

0*004 

o-ou 

0-001N- 

0*009 

0*010 

0-002 N 

0*012 

o-oas 

0-001 N 

0*014 

0*009 

O-OOIN 

0*014 

0*007 

0-0005N 

0*014 

0*006 

0-000 

0*014 

0*006 


0*014 

0*006 

0*003 

0*015 

0*006 

0*004 

0*017 

0*006 

0*009 

0*018 

, 0*005 

0*011 

0*019 

0 *004 

0*0X3 

0 *021 

i 0*005 

0*013 i 

0*024 

0*00^ 

0*#14 'I 

0*026 

0*006 

0*011^ ■! 

0*027 

0*004 

[ 0"^ ; 

0*027 

; 0*001 
0*000 

1 

1 0*006 

i ' i 

0*(^8 

O’Om 

* 

0*038* 

' I 

0-072», 1 


Temperature point of transition from passive to aclive state. 


E. 

192“!'. 


205° F. 

1 195° F. : 

198??. 


































Table II— coi^iimed. 


Tempera- 
,ture in degrees, 
Fahrenheit, 
from 

commencement. 

Current between bright magnetised and unmagnetised passive 
steel bars immersed in circuit in warm nitric acid, 1*42 sp. gr. 
The electro-chemical position of the ma^etised bar, positive, , 
except where otherwise specified. E.MJB’. in volt. 

Column 

No. 7, 

Column 

No. 8. 

Column 
No. 9. 

Column 
No. 10. 

Column 

Novll^ 

45 
, 50 

O'OOO 

0-0005 

0-007 

0*002 

0-002 N 


55 

0*001 

0-007 

0*002 

0-003N 


60 

0*001 

0-008 

0*002 

0-003N 

0*004 

65 

0*001 

0 009 

0*003 

0-002N' 

0*003 

70 

0-001 

0*008 

0*003 

0-002 N 

*0-003 

75 

0*002 

0-008 

0*004 

0*000 ' 

0*003 

80 

0*002 

0-007 

0-005 

0*002 

0*003 

85 

0-002 

0*006 

0-006 

0*004 

0*002 

90 

0-002 

0-006 

0*006 

0*006 

0*002 

95 

0*003 

0*005 

0-005 

0*009 

0*002 

100 

0-005 

0*004 

0-004 

0 010 

0*002 

i, 105 

0-005 

0*008 

0*002 

0*011 

0*001 

no 

0-007 

0*002 

0*001 

0*013 

0*001 

' 115^ 

0t)08 

0*003 

0-000 

0*014 

0*001 . 

; ,, j . 

0*009 

0*003 

0*000 

0*014 

0*002 


0-010 

, . 0*004 

0*000 

0*014 

0-008 


>; "■ o-cfei 

’ O-OOi, 

0-001H 

0-014' 

0*004 


#’012 ,, 

0*006 . 

0-002K 

0*014 

0;006i 

:1^ , 

0*012 

0*009 

•0*003 N 

0*014 

oo 

^'.145 ’ * 

0-012 

0*011 

0*003N 

0-015 

:150 

0-018 

0-011 

0*003 N 

0*015 


155' 


0*011 

6*002 N 

0*016 

,0-«^, 

o-ois 

160 

[The temperature of the solu- 

0*000 

0*020 

105’ 

tlcm was, in 

these experi- 

0*002 

o*w 


■t-: 170- 

mcnts, maintahied at about 

0*003 

0 *030 

{6,*®|,v,? 

, 175 

ISO^F.for 

one hour with- 

0*004 

0*034 


- 180 

out explosion occurring, the 

0*007 

0*038 

185 

E.M.F. gradually rising to 

0*009 

0*©M 


' 190 

0*22 of a volt. 


0*072* 

-. ..it ...I.-_ 

- ^ Temperature point of transition from passive to t^etive state. 

i,' 

■ ■ 

! 



190“ F. 



> 'Im addition to tbe observations recorded in Table II, niimeron^ 
oonfirmatory experiments were made wbicli it is not needfni to 
detail. 

^ temperatnrefi tike first violent explosive ebnllition of red nittie d:dSe 
eonsequent on tbe loss of passivity of the metal. Ihe average 
tfS^cq^keratw^^ transition from the passive to the active state was about 19^®^. 

'^0 ohserv^ions show that the magnetised steel bars were less passive lU warm 
nitric acid than the unmagnetised steel bars. 
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IV. On the Superficial Viscosity of Water.” By Lord 
Rayleigh, Sec. R.S. Received May 15, 1890. 

The idea that liquids are endowed with a viscosity peculiar to the 
sutfiace is to he found in the writings of Descartes and Rumford; hut 
it is to Plateau that its general acceptance is due. His observations 
related to the hehaviour of a compass needle, turning freely upon a 
point, and mounted in the centre of a cylindrical glass vessel of 
diameter not much more than sufGlcient to allow freedom of move¬ 
ment. By means of an external magnet the needle was deflected 90® 
from the magnetic meridian. When all had come to rest the 
magnet was suddenly removed, and the time occupied hy the needle 
in recovering its position of equilihrium, or rather in traversing an 
arc of 85°, was noted. The circumstances were varied in two ways: 
first, hy a change of liquid, e,g., from water to alcohol; and, secondly, 
hy an alteration in the level of the liquid relatively to the needle. 
With each liquid observations were made, both when the needle 
rested on the surface, so as to he wetted only on the under side, and 
also when wholly immersed to a moderate depth. A comparison of 
the times required in the two cases revealed a remarkable depend¬ 
ence upon the nature of the liquid. With water, and most aqueous 
solutions, the time required upon the surface was about double of that 
in the interior; whereas, with liquids of Plateau’s second category, 
alcohol, ether, oil of tuipentine, &c., the time on the surfe.ce was 
about half of the time in the interior. Of liquids in the third 
category (from which bubbles may be blown), a solution of soap 
behaved in much the same manner as the distilled water of the first 
category. On the other hand, solutions of albumen, and notably of 
saponine, exercised at their surfaces an altogether abnormal resist¬ 
ance. 

These experiments of Plateau undoubtedly establish a special pro¬ 
perty of the surfaces of liquids of the first and third categories; but 
the questioE remains open whether the peculiar action upon the 
needle is to be attributed to a viscosity in any way analogous to the 
ordinaay internal viscosity which governs the flow through capillary 
tubes. 

In two remarkable papers,♦ Marangoni attempts the solution of 
this problem, and arrives at the conclusion that Plateau’s superficial 
viscosity may be explained as due to the operation of causes already 
recognised. In the case of water and other liquids of the first 
category, he regards the resistance ^perieneed by the needle as 

* ‘ Ifuoyo Cimento,* Ser. 2 , toI. 5-6, Apr., 1872 5 * Nuovo Cimento,* Ser. 3, toL 3^^ 
1878. 
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ioainly the result of the deformation of the ncietiiscuses developed at 
the contacts on the two sides with the liquid surface. This view 
does not appear to me to he sound; for a deformatidn of a meniscus 
due to inertia would not involve any dissipation of energy, nor per¬ 
manent resistance to the movement. But the second suggestion of 
Marangoni is of great importance. 

On various grounds the Italian physicist concludes that “many 
liquids, and especially those of Plateau’s third category, are covered 
with a superficial pellicle; and that it is to this pellicle that they owe 
their great superficial viscosity.” After the observations of Dupr6* 
and myself,t supported as they are by the theory of Professor Willard 
GfibhsjJ the existence of the superficial pellicle cannot he doubted; 
and its mode of action is thus explained by Marangoni§:—“ The 
surface of a liquid, covered by a pellicle, possesses two superficial 
tensions; the first, which is the weaker and in constant action, is 
due to the pellicle; the second is in the latent state, and comes into 
operation only when the pellicle is ruptured. Since the latter 
tension exceeds the former, it follows that any force which tends to 
rupture the superficial pellicle upon a liquid encounters a resistance 
wMidh increases with the difference of tensions between the tiqilid 
tod the pellicle.” In Flateau^s experiment the advancing edge 6f the 
needle tends to ccmcenttate the superficial contamination, and the 
Sy^reating edge to attenuate it; the tension in front is thus inferidr 
tb the tension behind, and a force called into operation tending td 
bheck the Vibration. On a pui% surface it is evident that nothing of: 
Mill sovt can Occur, unless it be in a very subordinate degree, |i»e the 
r^lt of difference of temperature. ; 

There is an important distinction, discuss^ by Willtoclt 
acdording as the contamination, to which is due the 
tension, is merely accidentally present upon the surfetoe, is 
trom the body of the liquid Under the normal operation of 
and capillary forces. In the latter case, that, for example, of soltM 
iSoUs of soap and of camphor, the changes of tension which follow 
to extension or contraction of the surface may be of very brief 
duitoon. After a time, dependent laigely upon the amount of con¬ 
taminating substance present in the body of the liquid, equilibrium 
is restored, and the normal tension is recovered. On the other 
htod, in the case of a surface of water contaminated’with a film of 

M^eauiqxie de la Olialeur,’ Paris, 1869, p. 377. , / 

T^iou of Becontly Formed Liquid Surfaces,” ‘ Hoy. Soc. Prqcv|, 
yel "P* 281 (supra ). ^ 

it ‘Oourieetiout Acad. Trans.,* vol. 3, Part U, 1877-78, In my former oommuni- 
I <KFerlqc^ssdPr©f. (^iblb«*s very Taluable discnsaon on this STfi)ject* 

§ ‘Nnovo Cto«uto,* vol, 5-6,1871-72, p. 260 (May, 1872). 
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ai^a ai?e dl a peraianeiafe oharadjer. ' . . > 

It is Bot p^aotly clear kow far Marangoni r^str^ed Ms principle 
of surface elasticity as applicable to tbe explanatioB of Plateau*® 
obserratloBS apon distilled water; bat, at any rate, be applied it to 
the analogous problem of the effect of oil in calming ripples. It k 
n^eiibaiiate that this attempt at the solntion of a long-standing riddle 
be regarded as successful. He treats the surface of the sea 
ijt-lts ’ isormal condition as contaminated, and therefore elastic, aood 
lib supposes that, npon an elastic suifaoe, the wind will op^ta 
dffieiently. When oil is scattered npon the sea, a non-elastic surface 
of c4i is snW}ituted for the elastic surface of the sea, and upon tfak 
-fee wind acts too locally to generate waTes. It is doubtless true 
to excess of oil may render a water surface again inelastic; but I 
conceive that the real explanation of the phenomenon is to be fouiid. 
by a precisely opposite application of Marangonik principle, in ihOi 
theories of Reynolds^ and AitkeD.+ Marangoni was, perhaps, in¬ 
sufficiently alive to the importance of varying degrees of contaniinar 
tion. An ordinary water surface is indeed more or less cohtaminatQd; 
and on that account is the less, and not the more, easily agitated by 
wind. The effect of a special oiling is, in general, to increase the 
contamination and the elasticity dependent thereupon, and stops short 
of the point at which, on account of saturation, elasticity would again 
disappear. The more elastic surface refuses to submit itself to the 
local variations of area required for the transmission of waves in a 
normal manner. It behaves rather as a flexible but inextensible 
membrane would do, and, by its drag upon the water undemmthj 
hampers the free production and propagation of waves. 

The question whether the effects observed by Plateau upon/^e 
surface of distilled water are, or are not, due to oontaininaiato 
1 suppose, be regarded as still undecided. Oberbeck, who 
perimented on the lines of Plateau, thus sums up his dkewSto 
^^Wir mflssen daher schliessen, entweder, da«s der fr^en 
oberflache ein recht bedeutender Oberfiachenwiderstand ^ 

Oder dass eine reine Wasseroberflache in Berihrung ihit 
iiberhaupt nieht existirt,” J 


T P^poning for the moment the qnesiaon of the origin of super-r 
ficial viscosity,” let us consider its character. A liquid surflice is 
capable of two kinds of deformation, dilatation (positive or negative) 
and shearing; and the qnesticm at once presents itself, is it 
former or the latter which evokes the special resistance ? Towards 

* * Brit, Amcm. Bef 1880. 

t ‘ Bdmbmgh Boy. 1882*788, voL 12 , p.. §S. 

J Wiederoton’s * A-nnalen/ Toh IX, 1880, p. 6S0. . 



ffete aioiswer of this question !Marangoni himself made an important 
Contribution in the earlier of the memoirs cited. He found (p. 245) 
that the substitution for the elongated needle of Plateau of a 
circular, disc of thin brass turning upon its centre almost obliterated 
the distinction between liquids of the two first categories. The 
ratio of the superficial to the internal viscosity was now even greater 
for ether than for water. Prom this we may infer that the special 
superficial viscosity of water is not called into play by the motions of 
the surface due to the rotation of the disc, which are obviously of the 
nature of shearing. 

; A varied form of this experiment is still more significant. I have 
redhoed the metal in contact with the water snrface to a simple (2") 
ring AGED of thin brass wire (fig. 1). This is supported by a fine 




^ilk fibre, so that it may tnm freely abont its centre. To givfe a 
definite set, and to facilitate forced displacements, a magnetised 
sewing needle, HS, is attached with the aid of wax. In order to make 
an experiment, the ring is adjusted to the surface of water contained 
fa a shallow vessel. When all is at rest, the surface is dusted over 
/%ith a little fine sulphur,* and the suspended system is suddenly set 
fato rotation hy an external magnet. The result is very distinct, 
fand cofitrasts strongly with that obseived hy .Platean. Instead of the 
i^^ace enclosed by the ring being carried round with it in its 
rbWaon, not the smallest movement can be perceived, except perhaps 
fa)mediate neighbourhood of the wire itself. It is deaf that 
pfe c^^fagry water surface does not appreciably resist shearing. 

; * seeuiB to he on the whole the best material, although it ceitainlj oom- 

, some impurity to the surface. Freshly heated pumiee or wood-a»hes 

; and probably all powders really free from grease would behave 

fa Mice mauher. 
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A very slight modification of the apparatus restores the similarity 
to that of Plateau. This consists merely in the addition to the ring 
of a material diameter of the same brass wire, OD, fig. 2. If the ex¬ 
periment be repeated, the sulphur indicates that the whole water 
surface included within the semicircles now shares in the motion. 
In general terms the surface may be said to be carried round with 
the ring, although the motion is not that of a rigid body. 

Experiments of this hind prove that what a water surface resists is 
not shearing, but local expansions and contractions of area, even 
under the condition that the total area shall remain unchanged. And 
this is precisely what should be expected, if the cause of the viscosity 
were a surface contamination, A shearing movement does not intro¬ 
duce any variation in the density of the contamination, and therefore 
does not bring Marangoni’s principle into play. Under these circum¬ 
stances there is no resistance. 

It remains to consider liquids of the third category in Plateau’s 
nomenclature. The addition of a little oleate of soda does not alter 
the behaviour of water, at least if the surface be tolerably fresh. On 
the other hand, a very small quantity of saponine suffices to render 
the surface almost rigid. In the experiment with the simple ring 
the whole interior surface is carried round as if rigidly attached. 
A similar effect is produced by gelatine, though in a less marked 
degree. 

In the case of saponine, therefore, it must be fully admitted that 
there is a superficial viscosity not to be accounted for on Marangoni’s 
principle by the tendency of contamination to spread itself uniformly. 
It seems not improbable that the pellicle formed upon the surface 
may have the properties of a solid, rather than of a liquid. However, 
this may be, the fact is certain that a contracting saponine surface 
has no definite tension alike in all directions. A sufficient proof i^ to 
be found in the well known experiment in which a saponine bubhte 
becomes wrinkled when the internal air is removed. 

The quasi-solid pellicle on the surface of saponine would be of 
extreme thinness, and, even if it exist, could hardly be recognisable 
by ordinary methods of examination. It would moreover be capable 
of re-absorption into the body of liquid if unduly concentrated by 
contraction of surface, differing in this respect from the gross, and 
undoubtedly solid, pellicles which form on the surface of hard water 
on exposure to the atmosphere. 

Two further observations relative to saponine may here find a 
place. The wrinkling of a bubble when the contained gas is ex¬ 
hausted occurs also in an atmosphere (of coal gas) from which 
oxygen and carbonic acid are excluded. 

In Plateau’s experiment a needle which is held stiffly upon the 
surface of a saponine soinfeion is to a great extent released when the 
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sarface is contaminated by grease from the finger or by a minute 
drop of petrolenm. 

To return to the ease of water, it is a question of the utmost im¬ 
portance to decide whether the superficial viscosity of even distilled 
water is, or is not, due to contamination with a film of foreign matter 
capable of lowering the tension. The experiments of Oberbeck would 
appear to render the former alternative very improbable j but, on the 
other hand, if the existence of the film be once admitted, the observed 
facts can be very readily explained. The question is thus reduced 
to this: Can we believe that the water surface in Platpau’s apparatus 
is almost of necessity contaminated with a greasy film ? argu*- 

ment which originally weighed most with me, in favour of 
mative answer is derived from the experiments of upi^J^r 

mercury. It is known that, contrary to all analogy, a drop» w» Is 
does not ordinarily spread upon the surface of mercury, Tbi^^ 
certainly due to contamination with a greasy film; for 
Quincke* found that it was possible so to prepare mercury 
w'ould spread upon it. But the precautions required are so exaboi^^ 
that probably no one outside Professor Quincke’s laboratory has 
witnessed what must nevertheless be regarded as the normal bi\ 
haviour of these two bodies in presence of one another. The bearing^ 
of this upon the question under discussion is obvious. If it be so 
difficult to obtain a mercury surface which shall stand one test of 
purity, why may it not be equally difficult to prepare a water surface 
competent to pass another ? 

The method by which I have succeeded in proving that Plateau’s 
superficial viscosity is really due to contamination consists in the 
preparation of a pure surface exhibiting quite different phenomena; 
and it was suggested to me by an experiment of Mr. Aitken f This 
observer found that, if a gentle stream of air be directed vertically 
downwards upon -the surface of water dusted over with fine powder, 
a place is cleared round the point of impact. It may be added that 
oa the cessation of the wind the dust returns, showing that the 
tension of the bared spot exceeds that of the surrounding surface. 

The apparatus, shown in figs, 3, 4, is constructed of sheet brass. 
The circular part, which may be called the well, has the dimensions 
given by Plateau. The diameter is 11 cm., and the depth 6 cm. 
The needle is 10 cm. long, 7 mm. in breadth at the centre, and about 
t)*3 mm. thick. It is suspended at a height of 2^ cm. above the bottom 
ot the vessel. So far there is nothing special; but in connexion 
with the well there is a rectangular trough, or tail-piece, about 2|- cm. 
broad and 20 cm. long. Between the two parts a sliding door may 

* Poggenflorff*s ‘ Annalen,’ val 130,187(>, p. 66. 

t Jjoc. eit , p. bO. 
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Be inserted, By 'wHcli the connexion is cut off, and the circular peri¬ 
phery of the well completed.' The action of the apparatus depends 
upon a stream of wind, supplied from an acoustic bellows, and 
discharged from a glass nozzle, in a direction slightly downwards, so 
as to strike the water surface in the tail-piece at a point a little 
beyond the door. The effect of the wind is to carry any greasy 
him towards the far end, and thus to purify the near end of the tail» 
piece. When the door is up, this effect influences also the waAer 
kuifface in the well upon which the jet does not operate direoi^ 
I’or, if the tension there be sensibly less than that of the n®ighbo«r%i^ 
in the tail-piece, an outward flow is genemted, and as 

Ibng as the difference of tensions is sensible. The movements of the 
^Etrfaee are easily watched if a little sulphur be dusted over; whm 
the wate in the well has been so far cleansed that but little farther 
moTi&ii®Bnt is visible, tbe experiment may be repeated without chaiig- 
ing the water by contaminating the surface with a little grease from 
the finger or otherwise. In this way the surface may be freed from 
an insoluble contamination any number of times, the accumulation of 
impurity at the far end of the tail-piece not interfering with the 
cleanness of the surface in the well. 

Another device that I have usually employed facilitates, or at any 
rate hastens, the cleansing process. When the operation is nearly com¬ 
plete, the movement of te suaf ace becomes sluggish on account of 
the approximate balance of tensions.* M this s^ge the moveme^it 
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may loe revived, and the purification accelerated, by the application 
of heat to the bottom of the well at the part furthest removed from 
the tail-piece. It may, perhaps, be thought that convection currents 
might be substituted altogether for wind; but in my experience it is 
not so. Until a high degree of purity is attained, the operation of 
convection currents does not extend to the surface, being resisted by 
the film according to Marangoni’s principle. 

When the apparatus was designed, it was hoped that the door 
could be made a sufficiently good fit to prevent the return of the 
greasy film into the well; but experience showed that this could not 
be relied upon. It was thus necessary to maintain the wind during 
the whole time of observation. The door was, however, useful in 
intercepting mechanical disturbance. 

A very large number of consistent observations have been recorded- 
The return of the needle, after deflection to 90°, is timed over an arc 
of 60°, viz., from 90° to 30°, and is assisted by a fixed steel magnet 
acting in aid of the earth's magnetism. A metronome, beating three 
times per second, facilitates the time measurement. An an example^ 

I may quote some observations made on April 11. 

The apparatus was rinsed and carefully filled with distilled water. 
In this state the time was 12 (beats). After blowing for a while 
there was a reduction to 10, and after another operation to 8. 
The assistance of convection currents* was then appealed to, and 
the time fell to 6f, and after another operation to 6. This appeared 
to be the limit. The door was then opened, and the wind stopped, 
with the result that the time rose again to 12. More water was then 
poured in until the needle was drowned to the depth of about half an 
inch. Under these conditions the time was 6f. 

It will be seen, that while upon the unprepared surface the time 
was nearly twice as great as in the interior, upon the purified surface 
the time was somewhat less than in the interior. 

I^or the sake of comparison, precisely similar observations were 
made npon the same day with snbstitution for water of methylated 
alcohol. Before the operation of wind the time was 5; after wind, 

5 j on repetition, still 5. !Nor with the add of convection currents 
oonld any reduction he effected. When the needle was drowned, the 
time rose to 7J. The alcohol thus presents, as Plateau found, a 
great contrast with the unprepared water; but comparatively little 
with the water after treatment by wind and heat. 

An even more delicate test than the time of vibration is afforded 
by the behaviour of the surface of the liquid towards the advancing 
edge of the needle. In order to observe this, it is necessary to have 
recourse to motes, hut all superfluity should be avoided. In a good 
light it is often possible to see a few motes without any special dusting 
over. In my experience, an unprepared water surface always 
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bebaves in tiie manner described by Plateau; that is, it takes part in 
rotaiaon of tbe needle, almost from tbe first moment. Under the 
action of wind a progressiye change is observed. After a time tbe 
motes do not begin tbeir movement until tbe needle bas described a 
considerable arc. At tbe last stages of purification, a mote, situated 
upon a radius distant 30° or 40° from tbe initial direction of tbe 
needle, retains its position almost until struck; behaving, in fact, 
exactly as Plateau describes for tbe case of alcohol. I fancied, 
however, that I could detect a slight difierence between alcohol and 
water even in tbe best condition, in favour of tbe former. With a little 
experience it was easy to predict tbe “ time from observations upon 
motes; and it appeared that the last degrees of purification told 
pore upon tbe behaviour of tbe motes than upon tbe time of describ¬ 
ing tbe arc of 60°. It is possible, however, that a different range 
from that adopted might have proved more favourable in this respect. 

Tbe special difficulties under which Plateau experimented are well 
known, and appealed strongly to tbe sympathies of bis fellow 
workers; but it is not necessary to refer to them in order to explain 
tbe fact that tbe water surfaces that be employed were invariably 
contaminated. Gruided by a knowledge of tbe facts, I have several 
times endeavoured to obtain a clean surface without tbe aid of wind, 
but have never seen tbe time less than 10. More often it is 12,13, or; 
14. It is difficult to decide upon tbe source of tbe contamination. 
If we suppose that tbe greasy matter is dissolved, or, at any rate, 
suspended in tbe body of tbe liquid in a fine state of subdivision, it is 
rather difficult to understand tbe comparative permanence of tbe 
cleansed surfaces. In tbe case of distilled water, tbe condition will 
usually remain without material change for several minutes. On tbe 
other band, with tap water (from an open cistern), which 1 baive 
often used, although there is no difficulty in getting a clean surface, 
there is usually a more rapid deterioration on standing. The pro¬ 
gressive diminution of tbe tension of well-protected water surfaces 
observed by Quincke* is most readily explained by tbe gradual 
formation of a greasy layer composed of matter supplied from ilie 
interior, and present only in minute quantity; altbongb this view did 
not apparently commend itself to Quincke himself. If we reject tbe 
supposition that tbe greasy lajrer is evolved from tbe interior 
of tbe liquid, we must admit that tbe originally clean fr^ surface, 
formed as the liquid issues from a tap, is practically certaiii 
to receive contamination from tbe solid bodies with which it comes 
into contact. Tbe view, put forward bypotbeiacally by Oberbeck, 
that contamination is almost instantly received from tbe atmosphere 
is inconsistent with tbe facts already mentioned. 

Some furtlier observations, made in the hope of elucidating this 
* PoggendoxEf 8 * Annalen/ tqI. 160,1877, p. 580. 
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may here he recoiled. Mi^, a® to the effect of soap, or 
rather oleate of soda. A surface of distilled water was prepared hy 
wind and heat until the time was 5J, indicating a high degree of 
purity. The door being closed, so as to isolate the two parts of the 
surface, and the wind being maintained all the while, a few drops of 
solution of oleate were added to the water in the tail-piece. With the 
aid of gentle stirring, the oleate found its way, in a few minutes, 
under the door, and reached the surface of the water in the well. 
The time gradually rose to 13, 14, 15; and no subsequent treatment 
with wind and heat would reduce it again below 12. In this case 
there can be no doubt that the contamination comes from the interior, 
and is quickly renewed if necessary; not, however, so quickly that 
the tension is constant in spite of extension or the surface would be 
free from superficial viscosity. 

In like manner, the time upon the surface of camphoiated distilled 
water could not be reduced below 10, and the behaviour of motes 
before the advancing needle was quite different to that observed 
upon a clean surface. A nearly saturated solution of chloride of 
sodium could not be freed from supeificiaJ viscosity j while, on the 
oi^er hand, an addition of ^ per cent, of alcohol did not modify/&e 
behaviour of distilled water. 

The films of grease that may be made evident in Plateau’s ap¬ 
paratus are attenuated in the highest degree. In a recent paper^ I 
have ^timated the thickness of films of olive oil competent to check 
the movements of camphor fragments as from one to two micro- 
millimetres ; but these films are comparatively coarse. For example, 
there was never any difficulty in obtaining from tap-water surfaces 
upon which camphor was Mly active without the aid of wind or 
^ special arrangements. I was naturally desirous of instituting a com¬ 
parison between the quantities necessary to check camphor move¬ 
ments and the more minute ones which could be rendered manifest 
by Plateau’s needle; but the problem is of no ordinary difficulty. A 
direct weighing of the contamination is out of the question, seeing 
that the quantity of oil required in the well of the apparatus, even to 
stop camphor, would be only milligram. 

The method that I have employed depends upon the preparation of 
an ethereal solution of olive oil, with which clean platinum surfaces are 
contaminated. It may he applied in two ways. Either we may rely 
upon the composition of the solution to calculate the weight of oil 
remaining upon the platinum after evaporation of the solvent, or we 
may determine the relative quantities of solution required to produce 
the two sorts of effects. In the latter case we are independent of the 
precise composition of the solution, and more especially, of the 

* Supra^ p. 364 
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quesi^on wketker tke etlier may be regarded as originally free from 
dissolved oil of an involatile character. In practice, both methods 
have been used. 

The results were not quite so regular as had been hoped, the 
difficulty appearing to be that the oil left by evaporation upon 
platinum was not completely transferred to the water surface when 
the platinum was immersed, even although the operation was per¬ 
formed slowly, and repeated two or thi*ee times. On the other 
hand, there was no difficulty in cleansing a large surface of platinum 
by ignition in the flame of a spirit lamp, so that it was absolutely 
without perceptible effect upon the movement of the needle over a 
purified water surface. 

The first solution that was used contained 7 milligrams of oil in 
50 c.c. of ether. The quantities of solution employed were reckoned 
in drops, taken under conditions favourable to uniformity, and of 
such dimensions that 100 drops measured 0*6 c.c. The foUowbig is 
an example of the results obtained:—On April 25, the apparatus was 
rinsed out and recharged with distilled water. Time = 13. After 
purification of surface by wind and heat, 5|, rising, after a consider¬ 
able interval, to 6. After insertion of a large plate of platinum, 
recently heated to redness, time unchanged. A narrow strip of 
platinum, upon which, after a previous ignition, three drops of the 
ethereal solution had been evaporated, was then immersed, with the 
result that the time was at once increased to 8|-. In subsequent trials 
two drops never failed to produce a distinct effect. Special experi¬ 
ments, in which the standard ether was tested after evaporation upon 
platinum, showed that nearly the whole of the effect was due to the 
oil purposely dissolved. 

The determination of the number of drops necessary to check liie 
movements of camphor upon the same surface seemed to be subject to 
a greater irregulaiuty. In some trials 20 drops sufficed; while in 
others 40 or 50 drops were barely enough. There seems to be no 
doubt that the oil is left in a rather unfavourable condition,’^ 
very different from that of the compact drop upon the small 
platinum surface of former experiments; and the appearance of the 
platinum on withdrawal from the water often indicates that it is still 
greasy. Under these circumstances it is clearly the smaller number 
that should be adopted; but we are safe in saying that yV 
required to check camphor produces a perceptible effect upon the 
time in Plateau’s experiment, and still more upon the behaviour of 
the surface before the advancing needle, as tested by observation of 
motes. At this rate the thickness at which superficial viscosity 

* It should be stated that the evaporation of the ether, and of tlie dew which 
was often visible, was facilitated by the application of a gentle warmth. 
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beCfQmes' sensiBle in Plateau’s apparatus is about of a micro- 
milliinetre, or about of the wave-lengtb of yellow light. 

A tolerably concordant result is obtained from a direct estimate of 
the smaller quantity of oil, combined with the former results for 
camphor, which were arrived at under more favourable conditions. 
The amount of oil in two drops of the solution is about 0*0017 milli¬ 
gram. This is the quantity which suffices to produce a visible effect 
upon the needle. On the large surface of water of the former experi¬ 
ments the oil required to check camphor was about 1 milligram. In 
order to allow for the difference in area, this must be reduced 
64 times, or to 0*016 milligram. According to this estimate the ratio 
of thicknesses for the two classes of effects is about as 10 :1. ^ 

Yery similar results were obtained from experiments with an 
ethereal solution of double strength, one drop of which, evaporated 
as before, upon platinum, produced a distinct effect .upon the time 
occupied by the needle in traversing the arc from 90® to 30®. 

I had expected to find a higher ratio than these observations bring 
out between the thicknesses required for the two effects. The ratio 
15 : 1 does not give any too much room for the surfaces of ordinary 
tap water, such as were used in the bath observations upon camphor, 
betw^n the purified surfaces on the one side and those oiled surfaces 
upoii the other, which do not permit the camphor movements. 

It thus became of interest to inquire in what proportion the film 
or%inally present upon the water in the bath experiments requires to 
be concentrated in order to check the motion of camphor fragments. 
This information may be obtained, somewhat roughly it is true, by 
ducting over a patch of the water surface in the centre of, the bath. 
When a weighed drop of oil is deposited in the patch, it driTealtihe 
dust nearly to the edge, and the width of the annulus as,a mlWiW 
of the origiaal impurily of the surface. When the deposited ml as 
about sufficient to check the camphor movements, we may infer that' 
the original film bears to the camphor standard a ratio equal to that 
of the area, of the annulus to the whole area of the hath. Observa¬ 
tions of this kind indicated that a.concentration of ahont six times 
would convert the original film into one npon whicli camphor would 
not freely rotate. 

Another method by which this problem may be attacked depends^ 
upon the use of flexible solid boundary. This was made of thin 
sheet brass, and is deposited upon the hath in its expanded condition, 
so as to enclose a considerable area. Upon this surface camphor 
rotates, but the movement may he stopped hy the approximation of 
the walls of the boundary. The results obtained by this method 
were of^the same order of magnitude. 

If these conclusions may be relied npon, it will follow that the 
initial film upon the water in the bath experiments is not a large 
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mnlfeij)le of iiKafe at whicli superficial viscosity tends to disappear. 
At the same time, the estimate of the total quantity of oil which 
must be placed upon a really pure surface in order to check the 
movements of camphor must be somewhat raised, say, from 1*6 to 
1*9 micro-millimetre. It must be remembered, however, that on 
account of the want of definiteness in the effects, these estimates are 
necessarily somewhat vague. By a modification of Plateau’s appa¬ 
ratus, or even in the manner of taking the observations, such as 
Would increase the extent of surface from which the film might be 
accumulated before the advancing edge of the needle, it would doubt¬ 
less be possible to render evident still more minute contaminations 
than that estimated above at one-tenth of a micro-millimetre. 

June 4.—^In order to interpret with safely the results 
obtained by Plateau, I thought it necessary to follow closely his experi¬ 
mental arrangements; but the leading features of the phenomencm 
maybe well illustrated without any special apparatus. Por this pur¬ 
pose, the needle of the former experiments may be mounted upon the 
surface of water contained to a depth of 1 or 2 inches in a large flat 
bath. Ordinary cleanliness being observed, the motes lying in the 
area swept over by the needle are found to behave much as described 
by Plateau. Moreover, the motion of the needle under the action of 
the magnet used to displace it is decidedly sluggish. In order to 
purify the surface, a hoop of thin sheet brass is placed in the bath, so 
as to isolate a part including the needle. The width of the hoop must 
of course exceed the depth of the water, and that to an extent suffi¬ 
cient to allow of manipulation without contact of the fingers with the 
water. If the hoop be deposited in its contracted state, and be then 
opened out, the surface contamination is diminished in the ratio of #te 
areas. By this simple device there is no difficulty in obfedning a 
highly purified surface, upon which motes lie quiescent, almost until 
struck by the oscillating needle. In agreement with what has be^ 
stated above, an expansion of three or four times usually sufficed to 
convert the ordinary water surface into one upon which superficial 
viscosity was tending to disappear. 

I propose to make determinations of the actual tensions of surfaces 
contaminated to various degrees; but in the meantime it is evident 
that the higher degrees of purity do not imply much change of tension. 
In the last experiment upon a tolerably pure surface, if we cause the 
needle to oscillate rapidly backwards and forwards through a some¬ 
what large angle, we can clear away the contamination from a certain 
area. This contamination will of course tend to return, but observa¬ 
tion of motes shows that the process is a rather slow one. 

The smallness of the forces at work must be the explanation of the 
failure to clean the surffice in Plateau’s apparatus by mere expansion. 
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For ttis experiment tlie md wall, was removed from tlie tail-piece 
{fig. 3), and a large flexible hoop smbetitiited. By this means, it 
was hoped tbat when the whole was placed in the bath it wonld be 
possible, by mere expansion of the hoop, to obtain a clean surface in 
the well. The event proved, however, that the purification did not 
proceed readily beyond the earlier stages, unless the passage of the 
contamination through the long channel of the tail-piece was facili¬ 
tated by wind.} 


V* Expeiiments with Lord Eayleigh's Colonr Box.” By 
AitTHlXK SCHUSTEB, F.II.S, Received May 15, 1890. 

Lord Rayleigh described before the meeting of the British Associa¬ 
tion, in 1881,* a colour box in which artificial yellow is produced by 
mixing a pure red and green, and this yellow is directly compared 
to the yellow of the spectrum. Lord Rayleigh has given an account 
of certain peculiarities of vision observed in a number of persons, and 
it seemed to me worth while to extend the enquiry to a greater 
number of observers, and also, if possible, to obtain some evidence as 
to the existence of smaller differences than those described In Lord 
Rayleigh^s paper. 

The instrument used was made according to Lord Rayleigh’s 
second pattern, in which a double-image prism is interposed between 
the slit and collimator lens; the prism which ^parates the light being 
a direct-vision prism. For the detailed description of the instrument 
I must refer the reader to Lord Rayleigh’s paper. 

My attention was in the first instance directed to prove or dis¬ 
prove the existence of small differences in different persons. It was 
necessary, therefore, only to take persons in whose observing powers 
I could place some reliance, and, s^ondly, to multiply the number of 
observations of each individual, so as to obtain an idea of the degree 
of accuracy to which the observations could he trusted. The instru¬ 
ment was used in a fairly dark room, and the observer was asked to 
place the Nicol so as to obtain the required match. After the reading 
had been taken the Niool was displaced and the observations repeated. 
‘Five separate readings were thus generally obtained, and occasionally 
.more. Often separate sets of observations were made for the right 
left eye. As, owing to imperfections of construction, the zero of 
•^e instrument did not remain constant, either myself or Mr. Hadley, 
one of the demonstrators in the Phyisical Laboratory, took a reading 
wli^ever observations were made. 

I have often compared my vision with Mr. Hadley’s, and never 
•detostad any difference amounting to more than 0*1 of a division of the 

* ‘ Nature,’ Nov. 17,18^. 
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scale of mj. mstnimeiit j so thai* I liave tafeen our colour natelios bb 
equal, and referred all otters to them, alttopgh, as will appear, we 
do uot quite agree witt tte majority of .people. lu (u^der to under¬ 
stand the numbers given in tbe followiiig pages, it is nec^sary to 
state that in the neighbourhood of normal vision a difference of one- 
tenth of a division means a difference of about 2| per cent, in the 
ratio of intensities of red to green. I consider that the mean of five 
readings of a practised observer should .not differ by more than that 
on different occasions. If two good observers place the iRicol half a 
division different from each other, then each should be able in his 
own mind to be certain that the other’s match is wrong. The 
difference of a whole ^division fe genearally very obvious after a little 
practice with the instrument. 

It appears that differences of between a balf and whole division 
are very common, so that there cannot be any donbt of tbe real 
existence of small difference possibly following, as fer as the number 
of observations allow us to, say, the ordinary law for deviations from a 
mean. But the larger differences, such as Lord Bayleigh was the 
first to observe, seem certainly to be more frequent than the distri¬ 
bution of small differences wonld lead ns to expect. As bas already 
been stated, it seemed better in tbe first instance to confine myself 
to a careful examination of a limited number of cases than to extend 
the enquiry too much before I could form an estimate of tbe accuracy 
which is to be expected from a casual observer. I have examined 
seventy.five: of these three proved colour blind; four, of which three 
belonged to the same family, showed the same peculiarity of visiou as 
Mr. Balfour and Professor J. J, Thomson, while one showed a large 
difference in the opposite direction. 

In the following tables I shall call my own reading zero, and shall 
take as the vmt difference between myself and others one-tmtih of a 
division of the divided circle. The first table gives the ratio of red to 
green nsed in the match, corresponding to the stated differences of 
reading:— 




Table I. 



-70 

6-15 



+ 2 

0-82 

-60 

4-37 



+ 4. 

0-78 

-50 

3-21 



+ 6 

0-74 

-40 

2-41 

- 


+ 8 

0-70 

-30 

1-84 



+10 

0-67 

-20 

1-42 



+20 

0-51 

-10 

111 



+30 

0-39 

-8 

.1-05 



+40 

0-29 

-6 

1-00 

i 


+50 

0-21 

-4 

0-95 



+60 

0-15 

-2 

0-90 



+ 70 

0-10 

+0 

0-86 
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It will be seen from tbis table that tbe proportion of red to green 
wbich I require to make an artificial yellow is 0*86. TKis number is 
not comparable with those given by Lord Rayleigh for his own and 
Mr. Balfour’s vision, as everything depends on the particular green 
which he uses to make the match. I was aiming in setting up the 
instrument to choose such a red and green as would without the Mcol 
make a yellow, and perhaps took too much of a yellowish-green in 
consequence.* Table 11 exhibits the results obtained for various 
observers. The means only of all observations taken at diJBEerent 
times, and with both eyes, are given. 


Table IL 


Observer. 

Ifumber of 
readings. 

Mean of 
readings. 

Mean difference 
of readings. 

1 

6 

0 

1-0 

2 

17 

-TO 

2-3 

3 

10 

+1-5 

5-3 

4 

25 

0 

1-9 

6 

12 

-4-0 

4-4 

7 

5 

+3-0 

3-4 

8 

5 

-1-0 

2-8 

. 2 

<20 

' -4-0 

1-8 

10 

6 

-7-0 

2-2 

11 

6 

+2H) 

3-6 

12 

7 

+3-3 

2-0 

13 

5 

0 

1-0 

14 

15 

-7 3 

2-3 

15 

15 

+3-0 

2-7 

16 

6 

-11-5 

0-9 

18 

5 

-5-0 

3-6 

19 

5 

-5-0 

4-0 

20 

5 

-12-0 

2-0 

21 

20 

-7-2 

31 

22 

5 

-4-0 

2-8 

23 

12 

-1-5 

4-3 

24 

5 

-11-0 

1-6 

25 

10 

+3-5 

2-9 

26 

20 

-5-3 . 

1-8 

27 

20 

0 

1^3 

29 

■ 18 

+1-2 

2-0 


♦ [Note, .added May 23.—Siuce writing the above, I have determined the wave- 
togfehs of the eolonrs selected, and was surprised to find how much more yellow 
the green was than I thought or intended; the wave-length of the green which 
was mixed mth the red was about 5*620 x 10The red was a full red near 0, 
the yellow about the sodium yellow.] 
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Table II — contmmd. 


. 

Number of 

Mean of 

Mean difference 

Obseprer. 

readings. 

readings. 

of readings. 

30 

2S 

^5-6 

1-4 

31 

14 

-9-0 

2-6 

32 

10 

-2-5 

1-8 

33 

8 

-2*0 

1-6 

34 

9 

-1-5 

2'3 

35 

10 

-3-0 

2-4 

36 

10 • 

-15*0 

12 

37 

20 

-5*5 

21 

38 

10 

-3*5 

1-8 

39 

10 

0 

2-6 

40 

10 

-10*0 

2-1 

41 

20 

9*5 

21 

42 

26 

-6*7 

2-4 

43 

10 

-2*0 

11 

44 

10 

-14*0 

2-2 • 

,45 

20 

-2*2 

2-2 

47 

10 

-11*0 

3-0 

48 

10 

-5*5 

2-7 

49 

10 

-2*0 

1-8 

51 

10 

-1-5 

2-8 

52 

10 

-6*5 

5-0 

53 

10 

-2*5 

5-0 

54 

10 

-3*0 

1-5 

55 

10 

-8*5 

3-5 

56 

10 

-4*5 

2-8 

57 

10 

-1*0 

7-5 

58 

10 

-16-0 

3-4 

59 

10 

-13*5 

2-5 

60 

10 

-14*0 

3'2 

61 

5 

-11*0 

0-8 

62 

5 

+8-0 

20 

63 

8 

-ro 

1-7 

64 

5 

-60 

1'2 

65 

5 

-4-0 

2-8 

67 

15 

-4-0 

2-8 

68 

5 

-90 

2-8 

69 

6 

-2-0 

3-0 

71 

10 

-4-0 

2-9 

73 

10 

+1-0 

ii 

74 

10 

-3:0 

■ 3-0 

75 

6 

-50 
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TaWe 11— continnei!^ 



Number of 

Mean of 

Ifean difference 

Observer. 

readings. 

readings. 

of readings. 

S 

20 

+ 56*0 

5-8 

17 

5 

+33*0 

3-0 

28 

28 

-44*0 

3-3 

60 

10 

+ 71*0 

7-4 

72 

10 

+43*0 

2-5 


46 Colour blind. 
66 Colourblind. 
70 Colourblind. 


The first column in the aboYe table gives tbe number wbicb 
identifies tbe observer, tbe second column tbe number of readings 
taken, tbe third tbe mean difference between tbe observer and myself, 
or Mr. Hadley. Tbe fourth column gives an idea of tbe consistency 
of the same observer in reading. It is tbe mean difference between 
a single reading and tbe mean of all tbe readings, negative 
betog counted as positive ones. A glance at the table 
this :m^n difference is generally about_ two <Jr three 
„ division. ■ t’■ ' 

J*rom tbe results of ec^umn 3, Table HI has been, obtained, 
poluian H gives tbe number of observers whose readings do not 
cKer by more than half a unit from tbe numbers given in column I. 
Column III gives the mean of three successive values of colnmn II, 
that row against which tbe number is placed being tbe middle of tbe 
numbers whose mean is taken. 


Table III. 


Column 


I. 

n. 

m. 

-16 

1 

07 

-15 

1 

17 

-14 

3 

1-3 

-13 

0 

17 

-12 

2 

17 

-11 

3 

2-3 

-10 

2 

27 

-9 

3 

17 

-8 

0 

2-3 

-7 

4 

20 

-6 

2 

4-3 

-5 

7 

57 

-4 

7 

60 
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TaHe III— continued. 


1. 

IL 

III. 

-3 

4 . 

6-0 

-2 

7 

6-0 


7 

6^3 

0 

5 

4-7 

+1 

2 

'30 

+ 2 

2 

2-7 

+ 3 

4 

2-3 

+4 

1 

17 


The resnlfcs of this table, in which the few observers showing large 
differences are not inclnded, is plotted in fig. 1, in which the numbers 
in column I of the above table are taken as ordinates, and the 
nnmbers in column III as abscissae. 


1 . 



We see afc once that the greatest number of observers read between 
— 1 and —4. The curve falls rapidly on either side, but there are 
more observers within the limits of the table apparently showing 
large negative than large positive differences. Thus, for instance, 
taking 3 as the mean value of all observers, there was nobody 
amongst sixty-seven observers differing by eight-tenths or more of a 
division at the positive, while there were as many as ten differing by 
the same amount on the negative side. If we were from the given 
cui've to calculate the probability of such large differences, as shown 
by the five observers, 5, 17, 28, 50, and 72, we should get exceedingly 
small numbers; this confirms Lord Rayleigh’s statement, that diffe¬ 
rences from normal vision do not seem to follow the law of errors. 
Eor differences less than one division of the scale the curve is not 
unlike the curve of errors, but not for the larger differences; thus 
half the total number of observers read within 3*5 units of the 
average. If the difference from normal sight was to follow the law of 
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Gsnmr% we should only have one observer iu 50,000 who would read 
tweniy-one units different from the rest. While counting the different 
members of the same family only as one, I have found three such 
large differences among seventy-five, and Lord Rayleigh found the 
same number among thirty observers. He also examined seven female 
observers, none showing any decided difference from the mean. In 
the above table numbers 9, 23, 65, and 74 are women, and their read¬ 
ings —4, —1*5, —4 —^5 are very consistent with each other; on the 
other hand, it must be noted, as a remarkable exception, that 72 is 
•also a woman; her husband has normal sight, but amongst three 
sons two, viz., 5 and 17, show the same peculiarity. 

It is instructive to compare the readings of numlpers 28 and 50 with 
the ratios of intensities given in Table I. It will be seen that, while 
28 requires about 2*8 times as much red as green to make yellow, 
50 requires nearly five times as much green as red to produce jdlow. 
That the ratio of red to green required by one observer is thirteen 
times as great as that required by the other. How different will 
compound colours look to these observers! It seems remarkable, 
^however, that both agree in the particular wave-length which the^ 
yellow, and the actual sensation of pv/re colours seems , 

> to be the same for both. It seenis difficult to explain, thfe 
I'other way than that suggested by Professor Maxwell tq^ 
'somepecmlnanties of his own eyesight, namely, by a 
j tioh in the yellow spot of the eye, which differs in |imi- 

viduals. To judge from the diagram given in this paper. Maxwell 
; had, as compared with his wife, the same peculiarity of eyesight as 
the different observers mentioned by Lord Rayleigh and number 
^5 above; this could be explained hy greater absorption of green 
in the yellow spot. But, further. Maxwell’s eyes presented an 
oppc^ite peculiarity for the rays between the green and violet, he 
wanting less green to prodnce blue than Mrs. Maxwell. This 
Maxwell tries to explain by more pronounced absorption of the blue 
rays than of the green. I cannot quite follow him in this explanation, 
because the greater absorption of blue does not seem to me to affect 
its position on the colour diagram, but only the intensity of the 
mixture produced hy green and violet. I can only account for this 
second peculiarity of Maxwell’s, that in his case the absorption of the 
violet primary colour was stronger than that of the green. If we 
adopt the hypothesis that the different position of the pure colours in 
. iAm colour diagram of different observers is due to an absorption of 
light in the media of the eye before it reaches the retina, we are at 
liberty to assume that the sensation of yellow in all eyes is due to 
an excitation of nerves sensitive to green and red respectively in a 
fixed proportion. 

Direct experiments to determine the absorption in the yellow spot 
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of the eye have been made by Grlan, and it seems to hxxe of importance 
to repeat and extend his observations. One point, especially, is 
worth clearing np : in how far are the complementary colonrs the same 
for different eyes ? As far as I can judge, according to the view 
jnst explained, they should be the same.* 

I have paid some attention to the possibility of a change in the 
reading of the same observer at different times; but it is very 
difficult to obtain decisive evidence in this respect. It is a curious 
fact, however, that the difference in the reading of the same observer 
at different times will differ more from each other than one would be 
led to expect from the consistency of his differing readings taken the 
same day. As this happens, however, chiefly with observers whose 
accuracy I have reason to doubt on other grounds, little value can be 
attached to such differences. It is possible that a careless observer 
remembers from observation to observation on the same day what he 
has called a match, though it may be a trifle too green or too red, and 
in this way the readings may gain an appearance of too great consis¬ 
tency. I take, for instance, number 42, whose readings are charac¬ 
teristic in this respect. 

Average difference 


between each 

'N’ti'mber of Mean reading and 

Date. observations. reading. mean reading. 

Dec. 4,1889. 5 0 2*0 

Feb. 13,1890. 5 -11 1*9 

April 23, 1890.... .8 -6 2*6 

May 6, 1890. 8 -10 3*1 


On December 4, amongst five readings, he never read lower'than 
— 4; while on February 13, be never read higher that —4. If I had 
reason to believe number 42 a careful observer, I should take this as 
a proof of a change in his eyesight; I am afraid, however, no certain 
conclusions can be drawn from his observations. But there are some 
other cases of marked differences. 

I have already stated that I have constantly compared my sight 
with that of Mr. Hadley without being able to trace, any decided 
difference. 

The following are a few examples of readings taken at different 
times with observers in whose judgment I can place reliance :— 

^ [I^his h not quite correct, partly owing to the indefinite nature of what we 
call white. What I meant to say is this: If six pure colours, p, g-, r, s, w, are 
related to each other by the equations ap + hq — cr + ds=^et -^fuj then a second 
observer whose eyes only differed by a different absorption in their media should 
be able to match the six colours so as to obtain the equations a^p + h'q — c'r + dfs 
= e*t + fu. If the resulting colour for the normal eye is white p and g, Ac., are 
complementary colours, but the resulting colour for the second observer would not 
necessarily appear white to him.—May 23.] 
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Humber 2— 

Marcli 4, 1889 . —2 

Jan. 20, 1890 . 0 

April 23, 1890 .. -“1 

Number 4— 

March 5,1889 . +5 

May 6, 1890...... -3 

Number 9— 

March 6,1889 .. -4“ 

March 20,1889. -3 

April 25,1890 . -2 

May 7,1890 . -7 

Number 14— 

March 6,1889 . -7 

May 5, 1890. -6 

Number 15— 

March 6,1889 . Hhl 

May 6, 1890 . +3 

Number 21— 

March 20,1889. -6 

May 2, 1890. —8 

Number 25— 

March 21,1889. +4 

May 6, 1890 ...... +3 

Number 26— 

March 24, 1889. —2 

May 6,1890. —7 


Most of these observations show no change, and are indeed remark¬ 
ably consistent. I must except, however, number 4, who is a very 
trustworthy observer; and number 26 (Professor Dixon). In the 
latter case, a change seems almost certain either in his eye or in 
mine. We both observe, however, as Clerk Maxwell has done, that 
the matches are not quite the same according as one looks straight at 
the coloured patches, or a little to one side; this would support the 
view that the absorption in the yellow spot plays an important 
part. 

There is no evidence as to a difference in reading between the right 
and left eye, except in one case. Generally speaking, the reading 
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taken with two eyes agrees very well. In the case of one observer, 
number SO, although no difference could* be traced on Noyember 27, 
1889, the difference was half a division on May 7,1890, and sufficient 
for him to be satisfied that when he made a match with one eye it did 
not appear a match with the other. 


Fresents, June 5,1890. 

Transactions. 

Baltimore:—Johns Hopkins University. Circulars. Yol. IX. 

Ho. 80. 4to. BaZiimore 1890. The University. 

Berkeley:—^Universiiy of California. Library Contents-Index. 

Yol. I. 8vo. Berkeley 1889-90. The University. 

Cracow :-“Acad4mie des Sciences. Bulletin International. Avril, 
1890. 8vo. Gracovie 1890. The Academy. 

Dijon:—^Academic des Sciences, Arts et Belles-Lettres. Memoires. 
Sme Serie. Tome II-III; 4me Serie. Tome I. 8vo. Dijon 
1874-89. The Academy. 

Dublin:—Royal Society of Antiquaries of Ireland. Journal of the 
Proceedings. Ser. 5. Yol. I. Ho. 1. 8vo. Dublin 1890. 

The Society. 

Gottingen:—Konigl. Gesellschaft der Wissenschaften. Hachrich- 
ten. 1889. 8vo. Gottingen 1889. The Society. 

Hertford:—Hertfordshire Natural History Society and Field Club. 
Transactions. Yol. Y. Part 8. 8vo. Hertford 1890. 

The Society. 

LeipsicKonigl. Sachsische Gesellschaft der Wissenschaften. 
Abhandlungen. Mathemat.-physisch. Classe. Band XY. 
Ho. 7-9 ; Ditto. Philolog.-historisch. Classe. Band XI. Ho. 6. 
4to. Leipzig 1889-90; Berichte. Mathemat.-physisch. Classe. 
Band XLI. Ho. 2-4; Ditto. Philolog.-historisch. Classe. 
Band XLI. Ho, 4; Register zu den Jahrgangen 1846-8o der 
Berichte und zu. den Banden I-XII der Abhandlungen der 
Mathemat.-physisch. Classe. 8vo. Leipzig 1889-90. 

The Society. 

London:—^British Association for the Advancement of Science. 
Report of the Fifty-ninth Meeting, Hewcastle-upon-Tyne, 1889. 
8vo. London 1890. The Association. 

London Mathematical Society. Proceedings. Yol. XX. Hos. 

368-369. 8vo. London 1889. The.Socieiy. 

Marine Biological Association. Journal. Hew Ser. Yol. I. 

Ho. 3. 8vo. London 1890. The Association. 

Mineralogical Society. The Mineralo^cai Magazine. Yol. IX, 
Ho. 41. 8vo. Londonism, The Society. 
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Transactions {continued^)- 

Odontological Society of Great Britain. Transactions. Vol. 

XXII. Xo. 6 . 8yo. London 1890. The Society. 

Photographic Society of Great Britain. Journal and Trans¬ 
actions. Vol. XIV. Xo. 7. 8vo. London 1890. 

The Society. 

Royal College of Snrgeons of England. List of the Transactions, 
Periodicals, and Memoirs in the Library. 8vo. London 1890. 

The College. 

Royal Meteorological Society. Quarterly Journal. Vol. 15. 

Xo. 72. 8vo. London 1889. The Society. 

Royal United Service Institution. Journal. Vol. XXXIV. 
Xo. 152; List of Members. January, 1890. 8vo. London 
|g 9 Q, The Institution. 

Society of Biblical Archaeology. Proceedings. Vol. XII. Part 6. 

8vo. London 1890. The Society. 

Victoria Institute. Journal of the Transactions. Vol. XXIII, 
Xo. 92. 8vo. London ISQO. The Institute. 

Turin:—R. Accademia delle Scienze. Atti. Vol. XXV. Disp. 
6-8. 1889-90. 8vo. Torino; Osservazioni Meteorologiche fatte 
nelV anno 1888 all’ Osservatorio della R. Univ^rsit^, oalcolate 
dal G. B. Rizzo. 8vo. Torino 1890. The Academy. 


Observations and Reports. ^ 

London;—^Local Government Board. Report of the Medical 
Officer for 1888. 8vo. London 1889. The Medical Officer. 

Meteorological Office. Meteorological Observations at the 
Foreign and Colonial Stations of the Royal Engineers and the 
Army Medical Department, 1852-86. 4to. London 1890. 

The Office. 

Lyme RegisRousdon Observatory. Meteorological Observations 
for the Tear 1889. 4to. London 1890. 

Mr. Cuthhert E. Peek. 

Sacramento :—California State Mining Bureau. Xinth Annual 
Report of the State Mineralogist. 8vo. Sacramento 1890. 

The Bureau. 

Sydney:—^Department of Mines, X.S.W. Annual Report for the 
Year 1888. Folio. Sydney 1889. The Minister for Mines. 

Turin;—Osservatorio della Regia Universita. Bollettino. Anno 
XXII. Oblong 4to. Torino 1889; Effemeridi del Sole e della 
Luna per I’Anni 1889-90. 8vo. Torino 1888-89. And three 
ezcerpts. The Observatory. 

WashingtonUnited States Geological Survey. Seventh Annual 
Report. 1885-86. 4t’o. Washington 1888. The Survey. 
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Journals. 

Canadian Eecord o£ Science. Yol. lY. Ko. 2. Svo. Montreal 
1890. Natural History Society, Montreal. 

Nature Notes. No. 5. 8vo. London 1890. 

The Editors. 

Revista do Observatorio. Anno Y‘ No, 4. 8vo. Jdio de Janeiro 
1890. The Observatory. 

Revue M^dico-Pbarmaceutique. Annee 3. No. 4. 4to. Gon^ 
stantinople 1890. The Editor. 

Stazioni Sperimentali Agrarie Italiane. Yol. XYIII. Ease. 4. 
8vo. Asti 1890. R. Stazione Enologica, Asti. 


Thirty-six Carte de Visite Photographs of Fellows of the Royal 
Society. Messrs. Maull and Fox. 


June 12,1890. 

Sir G. GABRIEL STOKES, Bart., President, in the Chair. 

Sir Benjamin Baker, Mr. R. H. M. Bosanquet, IVIr. S. H. Burbury, 
Mr. W. Gardiner, Dr. A. S. Lea, Major P. A. MacMahon, Professor 
S. U, Pickering, Mr. I. Roberts, Mr. J. J. H. Teall, and Dr. R. T. 
Thorne were admitted into the Society. 

The Presents received were laid on the table, and thanks ordered 
for them. 

The following Papers were read:— 

L On a Re-determination of the principal Line in the Spec- 
tram of the Nebula in Orion, and on the Character of the 
Line.” By William Huggins, D.C.L,, LL.D., F.R.S., and 
Mrs. Huggins. Received March 20, 1890. 

[Publication deferred.] 


II. “ Note on the Photographic Spectrum of the Great Nebula 
in Orion.” By WHiLlAM Htogins, D.C.L., LL.D., F.E.S., 
and Mrs. HUGGiNS. Received April 16,1890. 

[Publication deferred.] 
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III. On a new Group of Lines in the Photographic Spectrum 
of Sirius.” By William Huggins, D.C.L., LL.D., F.R.S., 
and Mrs. HuGGiNS. Received April 25, 1890. 

[Publication deferred.] 


IV^ ^‘Preliminary Note on the Development of the Tuatara 
{Sphenodon punctatuni).^^ By Professor. A. P. W. ThomaS, 
M.A./F.L.S., F.G.S., University College, Auckland, N.Z. 
Communicated by Professor E. Ray Lankester, F.R.S. 
Received May 19, 1890. 

A grant was made by the Royal Society in the year 1884 to Pro¬ 
fessor J. T. Parker, of Dunedin, for the study of the development of 
jipteryQ}, Sphenodon and CallorJiyncJius. As Sphenodon does not 
occur near Dunedin, but is found chiefly on outlying islands belong¬ 
ing to the province of Auckland, at the opposite end of the colony. 
Professor Parker invited me to join him in the investigation of this 
form. 

Wp gathered from what had been written on the natural history 
of the tnatara, as well as from oral informatiou obtained from those 
who were best acquainted with the New Zealand fauna, that the 
month of February was probably the time at which the tuatara 
bred. 

We therefore started from Auckland at the beginning of February, 
1885, for what appeai'ed the most promising hunting-ground—the 
island of Karewa, some ten miles from Tamanga, in the Bay of Plenty, 
A. Reischek, a naturalist well known hy his researches on the 
natural history of New Zealand, who had already had opportunities 
of observing the tuatara, was good enough to accompany us. 

The island of Karewa is situated some four miles from the main¬ 
land ; it is little more than a rock which rises with precipitous sides 
high above the sea. At one spot only can a landing be effected, as 
the island is exposed to the ocean swell rolling in from the open 
Pacific, whilst the shores are for the greater part formed by unscal¬ 
able cliffs of- rhyolitic rock. Our first attempt at landing was frus¬ 
trated by the swell, but a day later a second attempt was successful. 

The vegetation on the island is largely composed of small karaka 
trees and thickets of coprosma. The light, loose soil between the 
roots of trees and the rocks is mined by countless burrows, in which 
live mutton-birds (JPuffinus iemdrostris) and tnataras. 

On the “ Chicken Islands ” the tnataras have been described by 
Mr. Reischek as living with certain other sea-birds, namely, another 
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species of Tuffinus (P. gavius) and two species of Procellaria. This 
has been cited in ^Nature’* as an interesting case of commensalism, 
and it is there stated that the birds “ live in holes dug ont by the 
tuataras and keep apparently on the best terms with them.” It is 
stated that the tnatara generally lives on the right and the sea-bird 
on the left of the inner chamber. 

I believe it is quite a mistake to suppose that any friendly relation 
whatever exists between the tuataras and the birds, and that here, 
as in the somewhat similar case of the prairie dog and rattlesnake, 
the idea of friendliness is quite out of place. It is true that the tuatara 
sometimes makes use of the burrows of the mutton-bird (though I 
have never found a tuatara living in the same burrow as a mutton- 
bird), but it cannot be said that the two species ever live on more 
favourable terms than those of mutual toleration. At one time I kept 
two kiwis in a large house with a number of tuataras, and a tuatara 
would at times shelter itself in the same box or corner as a kiwi— 
the two never attempting to fight, the tuatara hiding itself under 
the kiwi as it would do under a stone, whilst the kiwi seemed not to 
notice its presence. The tuatara seems to enter the burrow of the 
mutton-bird just as it would shelter itself in any other hole in the 
ground. 

In any case, the tuatara must be an untrustworthy associate, for 
or four occasions I have seen or captured tuataras with young mutton- 
birds in their mouths. It is probably a truer view of the situation 
to suppose that the chance of getting a nestling renders the burrows 
of the mutton-bird more attractive to the tuatara. 

Dr. Giinther, in the absence of personal observation, supposed that 
the tuatara was incapable of burnowing. It is, however, certain that 
it can burrow well in such light soil as is found on Karewa, and 
even in the clay soil on which my lizard-houses are situated the 
animals have made burrows fully two feet in length, in which they 
are completely hidden. Not all the lizards, however, are so indus¬ 
trious ; most of them have contented themselves with the artificial 
burrows, in the shape of long wooden boxes and drain pipes, with 
which they have been provided. 

We spent some days camping on the island and captured a number 
of tuataras, but searched in vain for eggs, though we opened up many 
burrows in the hope of finding them. The smallest tuatara found 
was 4*9 inches in length. Not finding eggs, we dissected several 
tuataras, thinking that the condition of the ovaries might tell us 
whether we were too early or too late in the breeding season, but the 
dissection revealed no eggs at all approaching maturity. 

We took away from the island a number of tuataras, hoping that 

* October 19, 1882. See also ‘Transactions of the New Zealand Institute,’ 
vol. 14, p. 274. 
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they wonld breed in captivity. Some of these were taken by Pro¬ 
fessor Parker to D-anedin, a rather larger number being kept by me in 
Auckland, as it was thought that the warmer climate of the northern 
part of the colony would be more favourable. 

Up to the heginhing of January, 1886, no eggs had been obtained 
from my tuataras, and, as regards the lizards I then possessed, any 
such hope was futile, for I shortly afterwards discovered that all my 
tuataras (twenty-nine in numher) were males. Thinking that our 
visit the previous summer had been too late in the season, I deter¬ 
mined to make another expedition to Karewa, this time at my own 
expense. Professor Parker was unable to join me, owing to the great 
distance of Dunedin from the spot; he was, moreover, engaged in 
working at the development of the kiwi. Prom this date, therefore, 
the whole of the work fell into my hands. I spent three or four days 
at the beginning of January in camp alone on Karewa; but, although 
a month earlier in the season than on the occasion of the previous 
visit, I was again unsuccessful in procuring a single egg of the 
tuatara. 

I made, however, a step in advance by discovering the external 
differences between the sexes. We had been assured by those familiar 
with the tuatara that there was no difference in the external charac¬ 
ters of the sexes, and this -statement seemed to be home out by what 
■we could learn from the literature of the subject. Thus, Dr. Kewman, 
the latest writer on the subject, said*: “ The males are so like the 
females that they have not yet been distinguished with certainty.” 

“ The male tuatara has no special strongly marked tints, no special 
personal attraction; and, unlike the males of several other specievS 
of lizards, are not much, if at all, bigger than the females. The 
absence of special sexual attributes is perhaps due . . 

On dissecting and carefully comparing a number of tuataras, I 
found that the current statements were not correct. There need 
seldom be any difficulty in distinguishing the sexes * the male is much 
larger, and has the crests on neck and back far more strongly de¬ 
veloped. In the fully adult male, the crests with their white spines 
are very conspicuous; in the female, the crests are low, and the spines 
ai’e reduced to a row of white points along the back. The male, too, 
is of more robust build, its coloration is somewhat brighter, and it is 
more pugnacious. During the breeding season the crests in the male 
become at times turgid and swollen, the spines standing stiffly up, 
and giving the a ni mal a much more antique and grotesque appear¬ 
ance. It must be noted, however, that a good deal of variation 
occurs in both the tints and brightness of colour iu both sexes, and 
the spines are larger in some females than in others. 

The discovery of the external characters of the sexes showed me 
* * Transactions New Zealand Institute,’ vol. 10, p. 225. 
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that all the tnataras I had kept for the past year (twenty-nine in. 
number) were males. This arose chiefly from* the fact that males 
are more easily obtained than females; but it is possible that our 
desire to obtain the largest, most Tigorous, and fully adult animals 
for breeding accounts in part for our hafving retained only males for 
breeding purposes. 

On the occasion of this second visit I secured as many females as I 
could, hut found more difficulty in obtaining females than males, so 
that I set a number of males at liberty as being superfluous. The 
apparently greater abundance of the males is perhaps due to the 
females seeking concealment more than the other sex; at any rate, I 
am led to suggest this from the observation of my tuataras kept in con¬ 
finement. The instinct of concealment woidd, of course, be of special 
value to a female laden with eggs. 

Notwithstanding that I now possessed* a dozen pairs of tuataras, no 
eggs were obtained the following summer. The lizards had been kept 
in large houses and were well cared for, and appeared in good health, 
but would not breed. Capitivity would seem to interfere with their 
reproductive powers, an effect which would hardly be anticipated with 
animals of so sluggish a nature. 

I could only refer their sterility in- confinement to a change in some 
of the conditions of life consequent on captivity, and endeavouring, 
therefore, to make their sui’roundings approximate more closely to 
the natural ones, I had still larger houses constructed, and extensive 
runs on the open ground enclosed. 

It was not, however, till January,-1889, that eggs were obtained, 
and even then some of them were infertile. Weary of the constant 
watching of the lizards in previous summers, I took a short holiday 
at the New Tear, aud during an absence of five or six days a female 
lizard died, but wa& not noticed by the attendant in charge. On 
my return I found that it had contained twelve fully formed eggs; 
they had, however, begun to putrefy. A second female laid ten eggs, 
which proved infertile. A third, which promised well, died from in¬ 
ability to lay its-eggs,- It was closely watched, and dissected within 
an hour of its death. The- oviducts contained four and five eggs re¬ 
spectively, fully formed* and ready for laying. Trom these eggs were 
obtained a number of embryos at various stages of development, from 
a stage equal to a two days’ chick up to a stage shortly before hatch¬ 
ing. This year I hoped to obtain a further supply of embryos, but 
only one female bas laid, and her-eggs were infertile. 

The eggs of the tuatara are oval in form, both ends being of equal 
diameter, and vary in length from 2*5 to 3*35 cm. The egg-shell is 
probably much like that of other oviparous lizards, being tough, flexible, 
and very elastic; it contains a varying amount of carbonate of lime. 
The eggs dry and shrivel with great readiness when exposed to the 
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air, and mnst, therefore, be kept in damp surroundings. On the 
other band, excess of moisture encourages the growth of micro¬ 
organisms in the mncus with which the eggs are frequently covered 
when laid, and such foreign growths tend to the destruction of the 
contents. 

On the whole, the general features of the development are closely 
similar to those in other lizards ; I propose, therefore, to reserve the 
details until a complete account can be given. I may, however, men¬ 
tion that the pineal eye . becomes a prominent feature at an early 
stage. When pigment is deposited in the skin, an oval spot is left free 
from it over the eye, and through this the dark pigment of the retina 
shows clearly. Spencer* has stated that there is in SpJienodon very little 
external trace of the pineal eye. This is true of the adult, but in the 
recently hatched tuaiiara the pineal eye still shows as a dark spot 
through the translucent skin over the parietal foramen. This I 
have been able to observe even in a tuatara 8 inches in length. But 
as the tuatara grows older the skin over the pineal eye becomes more 
opaque, and though in some individuals the scantier development of 
the pigment over the parietal foramen affords a feeble indication of 
the position of the eye, yet in others the pigment is deposited there 
as elsewhere, so that all external trace of the eye is finally lost. 


V. “ On the Position of the Vocal Cords in Quiet Respiration of 
Man, and on the Reflex-Tonns of their Abductor Muscles.” 
By Felix Semon, M.D., F.R.O.P., Assistant Physician in 
charge of the Throat Department of St. Thomas’s Hospital, 
and Laiyngologist to the National Hospital for Epilepsy 
and Paralysis, Queen Square. Communicated by Pro¬ 
fessor Victor Horsley, F.R.S. Received May 25,1890. 

(Abstract.) 

The investigation which forms the subject of this paper was under¬ 
taken with a view of settling, if possible, the moot question whether 
in man the larynx during quiet respiration plays an active r61e or not, 
and, if the former, what is its function ? 

For this purpose the author has examined, by meaus of graduated 
mirrors, the size of the glottis during quiet respiration in fifty adult 
trained healthy persons, and, after death, in twenty-five adult bodies. 
The method of the examination and the precautions necessary to 
guard against possible fallacies are fully described in the paper. A 
comparison of the measurements thus obtained shows that in less 
than 20 per cent, the vocal cords during quiet respiration perform 

* * Quart. Journ. Microsc. Science,’ yoL 27, p. 176. 
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rliythmical movements synchronous with inspiration and expiration, 
and that in more than 80 per cent, the glottis in both sexes forms 
during quiet respiration an isosceles triangle, 2—3 times as large on 
the average as that representing the cadaveric glottis. Under all 
circumstances the minimum size observed during life is larger than 
the maximum seen after death. 

Additionally corroborative literary and experimental evidence 
(from experiments on animals) is adduced, showing that the glottis in 
man during quiet respiration is considerably wider open than after 
death. 

The position of the vocal cords during quiet respiration, therefore, 
represents neither a state of inaction of their antagonistic adductor 
and abductor muscles nor a condition of equilibrium between them. 
It must necessarily be the result of actual muscular contraction, and 
must represent either simultaneous activity of both the adductors 
and abductors, with preponderance of the latter; or, secondly, some 
degree of activity on the part of the latter alone, the adductors 
being not at all in a state of functional activity. 

Prior to discussing the question which of these two possibilities 
corresponds to the actual facts, the author investigates the mu%e of 
the dilference found to exist between the conditions observed during 
life and after death. He draws attention to the fact that the larynx 
serves two functions, in a certain sense antagonistic to each other, 
viz., those of respiration and phonation. For the purposes of the 
former it is indispensable that the lumen of the air-tubes should be 
wide enough to admit of the ingress and egress of the quantity of air 
necessary for breathing purposes; for those of the latter, that an appa¬ 
ratus should be interpolated within the air-tubes which would admit 
of a complete juxtaposition of the voice-producing organs. 

It is then shown by another series of comparative measurements 
that by the interpolation of the vocal apparatus (which for reasons 
derived from comparative anatomy must be considered to be a highly 
specialised addition to the respiratoiy system) within the air-passages 
their narrowest part is further reduced, when the vocal cords are at 
perfect rest (“cadaveric position”)? ^&ss than one-third of its 
natural ar^; and, again, by a review of experimental and pathological 
facts, that a reduction of the glottis to this cadaveric size involves, 
upon the commencement of any effort, however small, some alteratioii 
in the type of respiration. 

Prom these facts the conclusion is drawn that the interpolation of 
the phonatory within the respiratory apparatus had to be counter¬ 
balanced by some arrangement which supplied the minimum of space 
compatible with the ingress and egress of that amount of air into the 
lower air-pasi^ges which is required for the purposes of what we call 
normal quiet respiration. 
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This arrangement conld consist either in a rhythmical opening of 
the glottis synchronous with each inspiration, or in a tonic dilatation 
of the glottic space during both phases of respimtion. 

It having been shown that, though both these alternatives are 
actually met with, the latter is much more representative of the 
participation of the larynx in quiet respiration of man than rhythmic 
movements, it remained to be investigated, as previously mentioned, 
whether this tonic widening represents a state of tonic innervation of 
both the glottis-openers and glottis-closers, with preponderance of the 
former, or, on the other hand, a tonic innervation of the glottis- 
openers alone. 

This question is discussed at length, and from anatomical, physio¬ 
logical, pathological, and experimental reasons the conclusion is 
arrived at that the glottis-openers (posterior crico-arytsenoid muscles) 
alone are, during life, in a state of semi-tonic contraction. 

The only remaining question, viz., whether this tonus is automatic 
or reflex, is answered, on the basis of experimental evidence, to the 
effect that in all probability the tonus of the abductor muscles is of a 
rejlez character, and that the impulses acting upon their ganglionic, 
i.e., bulbar, centres, are mainly, though not exclusively, conducted 
along the pneumogastric nerves. The experiments upon which this 
conclusion is based (division of the pneumogastric nerves below the 
points from which the recurrent laryngeal nprves are given off), and 
which were kindly performed for the author by Professor Victor 
Horsley, are communicated in full in the paper. 

The final conclusions arrived at by the author are as follows :— 

1, The glottis in man is wider open during quiet respiration (in¬ 
spiration and expiration) than after death or after division of the 
vagi or recurrent laryngeal nerves. 

2. This wider opening during life is the result of a permanent activity 
of the abductors of the vocal cords (posterior crico-arytaenoid 
muscles), which therefore belong not merely to the class of accessory, 
but of regular respiratory, muscles. 

S, The activity of these muscles is due to tonic impulses, which 
their centres receive from the neighbouring respiratory centre in the 
medulla oblongata. It is very probable that these impulses rhythmi¬ 
cally pi’oceed to the respiratory centre from the stimulation of certain 
afferent fibres contained mainly, but not exclusively, in the trunks of 
the pneumogastric nerves, and that they are in the respiratory centre 
changed into tonic impulses. The regular activity of the abductors of 
the vocal cords during life, therefore, belongs to the class of reflex 
processes. The permanent half-contraction of these muscles, in which 
form their tonic innervation is manifested, can be further increased, 
in concord with the general laws of the mechanism of respiration, by 
either volition or other reflex influences. 
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4. In spite of their extra-innervation, the ahdnctors of the vocal 
cords are physiologically weaker than their antag'onists. 

5. These antagonists, the adductors of the vocal cords, have pri¬ 
marily nothing at all to do with respiration, and ordinarily serve the 
f auction of phonation only. Their respiratory functions are limited 
to— 

(a.) Assistance in the protection of the lower air passages against 
the entry of foreign bodies. 

(6.) Assistance in the modified and casual forms of expiration 
known as cough and laughing. 


VI. A Eecord of the Results obtained by Electrical Excitation 
of the so-called Motor Cortex and Inteiml Capsule in an 
Orang Outang {Simia satg^rus)” By CHARLES E. Beeyor, 
M.D., F.R.C.P., and Victor Horsley, B.S., F.R.S. (From 
the Laboratory of the Brown Institution.) Received 
June 5,1890. 

(Abstract.) 

Having been engaged for some time in investigating the representa¬ 
tion of motor function in the cortex of the bonnet monkey, we 
thought it advisable to perform the same in an anthropoid as likely 
thereby to gain a closer insight into the modes of representation in 
man. 

We first describe the peculiarities noticeable in the configuration of 
the convolutions in the orang. 

As in the bonnet monkey, after narcotisation with ether, we 
divided the cortex into squares of 2 millimetres side, and excited the 
same with minimal stimuli from the secondary coil of an induc- 
torium. 

General Besults .—The mode of representation of motor function 
was found to be highly specialised. The general plan was identical 
with that seen in the bonnet monkey in that the representation of 
each segment and part of the body in the orang was arranged in 
the same order as that according to which we found the representa¬ 
tion of the primary movements to be grouped in the macacque 
monkey. 

In addition to this, the areas for the representation of the different 
parts of the body we found not to be continuous with each other, but 
that between the areas of representation (for instance, of the face and 
the upper limb) there were regions of inexcitable cortex showing 
a degree of differentiation not obtained in the lower monkey. 

A further remarkable evidence of specialisation was noticeable in 
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tlie fact that excitation of any one point elicited rarely more than one 
movement and only of one segment, e.gr., simple flexion of the elbow. 
Consequently, any sequence of movement or march was conspicuously 
infrequent. 

Finally, the character of each movement and its localisation was 
recorded. 

After the cortex had been removed, we proceeded to stimulate the 
fibres of the internal capsule, and the results obtained confirmed 
those obtained from the bonnet monkey, and at the same time showed 
the relative position of the cortical areas. 

The internal capsule was exposed by removing half of one hemi¬ 
sphere by a horizontal section; the outlines of the basal ganglia were 
then transferred to paper ruled with squares of 1 millimetre, and the 
resulting movement obtained by stimulating each of these squares 
contained in the internal capsule was recorded. The movemenls 
obtained correspond generally with the results which we have in 
another paper presented to the Hoyal Society and read on December 12, 
lb89. 


VII. A further Note on the Influence of Bile and its Consti¬ 
tuents on Pancreatic Digestion.” By Sidney Martin, M.Dr, 
Pathologist to the Middlesex Hospital, British Medical 
Association Research Scholar, and Dawson Williams, M.D., 
Assistant Physician. to the East London Hospital for 
Children, Shadwell. Communicated by E. A. Sohafer, 
P.R.S. (From the Physiological Laboratory, UrdYersity 
College, London.) Received June 9, 1890. 

Ox Bile and Tancreatic Extract. 

In a previous communication* we have pointed ont that in the pig 
the presence of bile or bile salts hastens the digestion of starch by 
pancreatic extract, the amonnt of dextrine and of sugar being con¬ 
siderably and proportionately increased. The same holds good for 
ox bile salts and extract of ox pancreas, so far at least as the increase 
in the amonnt of sugar is concerned, and for human bile and pan¬ 
creatic extract (pig’s). Experiments were conducted in the same 
manner as those with pig’s secretions. In one experiment four 
vessels, A, B, C, D, ^containing 100 c.c. distilled water in which 
2 grams of starch had been boiled, were taken. To B 2 per cent., and 
to C 4 per cent., of ox bile salts were added and dissolved. Equal 
quantities of glycerine extract of pancreas "were added to A, B, and 0, 

*.‘Roy, Soc. Proc.,* toI. 45, p. 358. 
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and tlie four vessels kept at a temperature of 40“ C. At tke end of 
seven minutes tkere was a marked difference between A and B and 
G in their reaction to a solution of iodine.: A gave a deep blue- 
purple, B and C a red-purple. At the end of thirteen minutes C 
gave a faint red colour, B a red-purple, while A gave the same purple 
coloui* as after seven minutes. ISTo change occurred in D. The 
solutions were then boiled and the amount of sugar in A, B, and C 
estimated as dextrose by Pehling’s method:—A contained 0*526 per 
cent., B 0’649 per cent., and C 0*675 per cent. 

The experiment was varied by using an active powdered pig’s pan- 
creatin, manufactured by Savory and Moore. Four vessels were used, 
each containing 50 c.c. of distilled water in which 1 gram of starch 
had been boiled. To B 1 per cent, and to C 2 per cent, of ox bile salts 
were added and dissolved. To A, B, and 0, pancreatin 0*15 gram was 
added; D was reserved as a control. The mixture was digested for 
seven minutes in a water-bath at 45® G.; at the end of this time A 
struck a blue-purple colour with iodine, B a dirty red-purple, and G 
gave only a trace of red colour. The amount of dextrose was esti¬ 
mated by Feb ling’s method with the following result:—A contained 
0*3846 per cent., B 0*71429 per cent., and 0 0*833 per cent. 

Ox bile salts and human bile have, therefore, the same property as 
pig’s bile and bile salts; they augment the amylolytic action of the 
pancreatic amylopsin on staixjh. 

Bile salts consist of a mixture, in varying proportions, of the 
alkaline (chiefly sodium) salts of taurocholic and glycocholic acid. In 
human bile, and that of most mammals, as well as in birds and 
amphibians, taurocholates are most abundant; in the pig, glycocholates. 
Experiments were therefore made separately with glycocholate and 
taurocholate of soda. 

Taurocholafe of Soda .—The salt used was a commercial product 
and contained some bile pigment. Four vessels, each containing 
100 c.c. of distilled water in which 2 per cent, of starch had been 
boiled, were taken : to A 1 gram, to "B 2 grams, to C 3 grams, and to 
D 4 grams of the taurocholate were added; 0*8 gram pancreatin was 
then introduced into each, and the mixture digested at a temperature 
of 37° for a quarter of an hour. Tested by the colour struck with 
solution of iodine, D had been more changed than C, C than B, and 
B than A. The amount of dextrose estimated by Fehling’s method 
was A 0*869 per cent., B 1*0 per cent,, 0 1*05 per cent., and D 1*11 
per cent. In another experiment the effect of 1 and of 3 per cent, of 
the taurocholate were contrasted with each other and with the effect 
of pancreatin alone. Digestion was continued for ten minutes at 
a temperature of 40—41° C., and the mixture then boiled; that con¬ 
taining no taurocholate contained 0*909 per cent, dextrose, that con¬ 
taining 1 per cent, of taurocholate contained 1*111 per cent, dextrose, 
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and that to which 3 per cent, of tanrocholate had been added con¬ 
tained 1*2424 per cent, dextrose. 

Glycocholic Acid, —The addition of pure glycocholic acid in the 
proportion of 0*5 per cent, arrested digestion of starch bypancreatin ; 
probably because of the acidity of the mixture. 

Glyoockolate of Soda, —A. weighed quantity of pure glycocholic acid 
was dissolved in distilled water and neutralised with anhydrous 
carbonate of sodium. Four vessels, each containing an equal quantity 
of distilled water in which I per cent, of starch had been boiled, were 
taken: to B 1 per cent, of glycocholic acid by weight neutralised 
with Na. 2 C 03 , and to C 2 per cent, of glycocholic acid neutralised by 
the same salt were added. JEqual quantities of pancreatin were added 
to A, B, and C; D being reserved as a control. The mixtures were 
digested for seven minutes at 37® to 38° 0. The colour struck with 
with iodine solution by C was then red, by B purple-red, and by A 
purple. Digestion was then stopped by boiling and the quantity of 
dextrose estimated by Fehling*s methodA contained 0*357 per cent., 
B 0*476 per cent., C 0*588 per cent. 

Glycocoll, Leucin^ and Tyrosin. —Grlycocholic acid is formed by the 
conjunction of glycocoll and cholalic acid,.glycocoll itself beingamido- 
acetic acid. Leucin and tyrosin, the end-products of pancreatic 
digestion, are also amido-acids, leucin being amido-caproic ^cid, and 
tyrosin, oxyphenyl-amido-propionic acid. Glycocoll was found to be 
without any effect upon the pancreatic digestion of starch. 

Leucin appeared to interfere to some extent with pancreatic diges¬ 
tion of starch ; thus, in one experiment, in which 0*5 percent, of pure 
leucin was added to a starch mixture and digested with pancreatin 
for twelve minutes, the amount of sugar estimated as dextrose was 
0*526 per cent., while the amount in a similar mixture digested for 
the same time without leucin was 0*645 per cent. 

Tyrosin also appeared to interfere slightly with pancreatic digestion 
•of starch. Thus, in one experiment three vessels were taken, each 
containing 100 c.c. of distilled water in which 1 gram of starch had 
been boiled; to flask B 0*05 gram of pure tyrosin and to flask 0 OT 
gram tyrosin were added; the three mixtures—^A, to which no tyrosin 
was added, B, and C—were then digested for nine minutes with equal 
quantities of pancreatin. At the end of five minutes the colour 
struck with iodine solution varied, A giving a reddish-purple, C and 
D a bluish-purple; at the end of eight minutes the colour with A 
was almost pure red, with B and C still a bluish-purple. . The 
quantity of sugar estimated as dextrose by Fehling’s method was as 
follows:—A 0*383 per cent., B 0*345 per cent., and 0 0*333 per 
cent. 

• Gwhonate of Sodium, —Carbonate of sodium, when present in the 
proportion of 0*25 per cent, and over, retards pancreatic digestion of 
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starch. By experiments conducted as those above detailed, we have 
found that this retardation occurs also in the presence of bile salts, 
although it is not so great as with the carbonate alone. In one expe¬ 
riment four vessels were taken, each containing distilled water in which 
2 per cent, starch had been boiled, and 1 per cent, bile salts subse¬ 
quently added and dissolved, to B 0*25 per cent. NajjCOg, to C 0*5 per 
cent. Na^COg, and to D 1 per cent. ll^'agCOg. The mixtures were 
digested with equal quantities of pancreatin for nine minutes at 
39° C., boiled, and neutralised. The amount of dextrose as estimated 
by Fehling’s .method, was:—In A 0*83 per cent.; in B 0*55 per cent.; 
in C 0*492 per cent.; in D 0*3773 per cent. Even in the presence of 
an excess of carbonate of sodium, however, the addition of bile salts 
does favour the progress of pancreatic digestion of starch, as shown by 
the following experiment. Four vessels, each containing equal quan¬ 
tities of distilled water in which 2 per cent, of starch had been boiled, 
were taken; to B and D 1 per cent, bile salts were added and dissolved, 
to 0 and D 0*5 per cent, carbonate of sodium was added and dis¬ 
solved. The mixtures were digested with equal quantities of pancreatin 
for 11 minutes at a temperature of 37° O., and then boiled and neu¬ 
tralised. The amount of sugar estimated as dextrose by Fehling’s 


method was:— 

A. Pancreatin .. 0*695 per cent. 

B. Pancreatin-hbile salts. 0*952 ,, 

0. Pancreatin -hUacjCOg..___ . 0*208 „ 

D. Pancreatin-h bile salts-i-lTagCOg. 0*384 „ 


Digestion of Froteids in the Fresence of File. 

Experiments were also made to test the influence of bile on pan¬ 
creatic proteolytic digestion. 

Bile Balts .—The fluid to be digested was made by dilating e^- 
albumen with distilled water, agitating, neutralising with acetic acid, 
and straining the resultant mixture through muslin. Measured 
quantities of this albuminous fluid were at the time of experiment 
coagulated by heat and one or two drops of acetic acid; the digestion 
was conducted in the same vessel as coagulation was effected. 

Boc^eriment L —Three beakers. A, B, and C, each containing 120 c-c. 
of diluted egg-albumen, coagulated in the manner above described, 
were taken, and to each was added 1 per cent, of sodic carbonate; to 
A 2 per cent, of bile salts of the pig was added and dissolved; to A 
and B 1 gram of pig’s pancreatic. extract rich in proteolytic ferment 
was added, and all three beakers placed in a warm chamber at 35® C., 
and digested for three hours. The albumen in A at the end of tliat 
time appeared to he much more digested than that in B; that in 0 
was unchanged. The fluids were then rapidly boiled, to st^ aB 
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ferment a< 5 tion. A contained a deep yellow-coloured turbid fluid, 
witb a slight flocculent white precipitate; B a light yellow-coloured 
turbid fluid with copious white precipitate. The three mixtures were 
then filtered through double, balanced filters, and the filter washed, 
first with boiling distilled water, then with boiling methylated spirit, 
and finally with absolute alcohol. The filters were then dried at 120® C. 
and weighed. 

A, the fluid which contained bile salts, yielded a residue weighing 
0T50 gram. 

B, the fluid which did not contain bile salts, yielded a residue 
weighing 0*536 gram. 

0, which was not digested, gave a residue weighing 1*256 grams. 

Experiment IL —^In this a larger proportion of bile salts was used, 
and digestion was conducted at a higher temperature. Equal quan¬ 
tities of egg-albumen diluted with distilled water were introduced into 
three beakers, A, B, and C, and coagulated by heat and a few drops of 
acetic acid; 1 per cent, of sodium carbonate was added to each, and to 
A 3 per cent, of pig’s bile salts ; to A and B 1 per cent, of pancreatic 
extract rich in proteolytic ferment was added, and the mixture digested 
at about 40® C. for three hours. The fluids were then boiled, and sub¬ 
sequently filtered, the precipitates being washed and dried as in 
Experiment I. The weights were as follows :— 

A, the fluid which contained bile salts, yielded a residue weighing 
0*098 gram. 

B, the fluid vwhich did not contain bile salts, yielded a residue 
weighing 0*065 gram. 

0, the fluid which was not digested, yielded a residue weighing 
1*062 grams. 

Gtycocholate of Soda ,—The effect of glycoholate of soda appeared 
to be less marked than-that of the bile salts as a whole. Thus, in 
experiments conducted in the same manner as those above described, 
a small portion of gljcocholate of soda appeared to have the eflect of 
slightly increasing the amount of albumen dissolved, while a some¬ 
what larger proportion either had a slightly contrary effect or none at 
all. In one expeiiment equal quantities of albumen were taken, 
and glycocholic acid,* 0*5 per cent., added to one vessel (0), and 
1*0 per cent, to another vessel (D), while none was added to a third 
vessel (B), and the three fluids were then digested with pancreatin 
for two hours. A fourth vessel was retained as control. The fluids 
were filtered through balanced filter papers, and tlie filter washed 
with disbilled water, boiling methylated spirit, and absolute alcohol, 
and dried at 110° C. 

The weights of the residues were as follows:— 


* The acid was neutralised with N‘a 2 CO^ 
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0*625 gram. B___ 0*539 gram. 

0*514 „ D. 0*541 „ 


These experiments show that the power of bile to hasten pancreatic 
digestion is not limited to amylolytic digestion, bnt that it is equally, 
if not more, marked in its influence on proteolytic digestion. 


VIII. On the Spectra of Comet a 1890 and the Nebula G.C. 
4058/’ By J. Norsian Logkyer, F.R.S. Received June 
12, 1890. 

[Publication deferred.] 
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“On the Chief Line in thie Spectrum of the Nebulae.” By 
J. Norman Lookter, F.E.S. Received December 9, 1889, 
—^Read January 16,1890. Revised May, 1890, 

L Introdactory. 

II. Tbe accuracy attainable in these inquiries. 

JII. Wave-length, of the chief nebula line. 

A. Historical notice. 

B. Laboratoiy observations with high dispersion in connexion with the 

chief nebula Hne. 

C. Observations by a new method. 

IV. Fluted character of the chief nebula line, 

V. Conclusion. 


I. Inteoductoey. 

' In 1887, reasoning from tlie spectral phenomena in stars of YogeFs 
Class Ilia, which my researches proved to be due to the mixture of 
bright flntings of carbon and dark flntings of manganese and other 
substances, I came to the conclusion that these stars could not be 
stars in the ordinary sense but swarms of bodies separated from each 
other. 

I next showed, reasonang again from the spectral phenomena, that 
these bodies were in all probability meteorites or particles of meteoritic 
dust. 

A discussion of the origin of such stars as these next suggested 
that it must be sought for in the nebulas. Meteoritic dust was then 
experimented upon and two lines of unknown origin in the spectrum 
of this dust were found to be roughly in the same position aS two 
lines of unknown origin in the nebula spectrum. 

In my first communication to the Boyal Society on this subject I 
stated that the conclusions were “ given with great reserve,” and I 
was careful to point out that I had limited myself to small dispersion 
(1 prism of 60**), because it was imperative that all the observations 
should he strictly comparable; those of very faint glows visible with 
difGlcuHy and those of a bright electric arc, to speak only of laboratory 
work ; and I also added that there was an additional reason for this 
in the difficulty of obtaining astronomical observations with lai^ 
dispersions in the case of very dim celestial objects. 

Seeing, therefore, that I dealt only, of set purpose, with small 
dispersion, I limited myself to a ** short title of three figures in my 
references to the lines. 

But, although I did not employ great.dispersion in the first in¬ 
stance, I fully understood that this must be done CTCutually, so I at 
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oUce provided for sucli observations botb in laboratory and observatory, 
and they were commenced last May. 

So far, however-, only one branch of the observatory work has been 
commenced, in consequence of delays on the part of the instrument 
maker. I should here state that my main endeavour in one direction 
will be to obtain photographs of the spectra of nebulea and reference 
spectra under such conditions that any instrumental error will 
register itself on the plate in such a way that a proper correction for 
it can be made. For such* work as this much light and great stability 
are required; I have therefore erected a 30-inch reflector at West- 
gate-on-sea, having received a grant in aid from the Governm^t 
Grant Fund; the mirror has been figured and presented to me’ by my 
friend Mr. Common; the flat (7 inch diameter) by other friends, the 
Brothers Henry, and I am anxious to take this opportunity of 
expressing my obligations to them for this magnificent help in my 
work. 

The laboratory researches, consisting of the application of higher 
dispersion, have made more progress; but they are not yet finished, 
and in this paper I shall confine myself to observations made with 
reference to the chief nebula line. 

A paper by Dr. and Mrs. Huggins, which has appeared in the 
* Proceedings ’ dxiring the recess, contains cnticisms of some points in 
my recent papers which require a reply. They bold that I am Wrong 
in my identification of Ihe origin of some lirfs in the spectrum of the 
nebulsB, chiefly those two which Dr. Huggins himself has formerly 
ascribed in one case to an unknown form of nitrogen and in the other 
to hydrogen nnder some conditions which we cannot match in the 
laboratory; I, on the other hand, suggesting that possibly they may 
be produced by ms^esium, a substance which occurs in most 
meteorites. 

I gather from this paper of Dr. and Mrs. Huggins that my object 
in using a three-figure reference to the lines has been misunder¬ 
stood. I think it important, therefoi‘e, that I should at the present 
time return to the subject, giving my reasons for the three-figure 
references I used in the first instance. For this purpose it is 
necessary to state the history of the subject less eclectically than 
Dr. and Mrs. Huggins have done. I shall then give the work that 
has been since accomplished, though, as I have stated above, it is 
not yet finished; and reply to Dr. and Mrs. Huggins’s criticisms as 
best I can. 

As in my replies to the various objections raised by Dr. and Mrs. 
Hudgins, I am most anxious not to even unconsciously misrepresent 
their views, I shall deal with each line separately, take each objection 
and give their own words as fe,r as possible. I confine myself 
in the present paper to tlmt at X 500. 
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T am exia*emely gratified to find tliat in an inqtdrj dealing with, 
roughly, some 10,000 observations, which has taken me two years, 
and the details o£ which oconpy some 235 pages in the ‘ Proceedings,’ 
the point in my argument to which Dr. and Mrs. Huggins take 
exception is a subsidiary one. 


II. The Agctjraot Attained m Eaelieb Investigations. 

My astronomical work has so far been almost exclusively devoted 
to the Sun, in which case considerable dispersion is easily utilised. 
When my Sun work drove me to try to obtain some information from 
other celestial bodies, I had to enter a comparatively unfamiliar field 
of olservation. It may well be, therefore, that I ignorantly over-esti¬ 
mated the difficulties of such observations, and a passage in Dr. and 
Mrs. Huggins’s paper seems to suggest that such is the case. They 
refer to observations of nebulae with a dispersion approaching that 
given by 8 prisms of with the Hoyal Society telescope. It must 
be pointed out, however, that although this instrument has been in 
Dr. Huggins’s possession for nearly twenty years, so far as I know 
no such observations have been continuously made with it previously, 
or indeed by any other instruments in the hands of any other 
observers. I was justified in this view by noting that in Dr. 
Huggins’s important research published in 1879 only one prism was 
employed in obtaining the photographic spectra of some of the 
brightest stars in the heavens, made with the same telescope, and that 
some two years afterwards, in 1881, he wrote, with reference to some 
observations made by him of the comet of that year:—I am also 
able to see upon the continuous solar spectrum a distiuct impr^iou 
of tbe group of lines between G and h which is usually associated 
with the group described above. My measures for tbe leas refean- 
gible group give a wave-length of 4230, which agrees, as well as can 
be expected, with Professor Liveing and Dewar’s measures, 4220.”* 
A diagram of the spectrum of the comet was published in the paper 
in which this passage occurs, to which some importance se^ns to have 
been attached. 

As, judging from this, the position of the lines in queslion could 
have been read to about two in the fourth place, I am justified in 
r^arding this statement as a practical use of a three-figure reference. 
I gather from Dr. and Mrs. Hugginses criticism that Dr. Huggins 
now expresses wave-lengths by five figures, that is, he states wave¬ 
lengths to the hundred-millionth of a millimetre. It is c^nveniemt, 
therefore, to express the discrepancies between difEerent measure¬ 
ments in terms of this quantity as a unit. It will be seen that in 
1881 he accepted with complacency a variation of 100 units of such 

♦ * Eoy, So<s. Proc.,' vol. 3S, p. 2. 
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a scale in tlie measnrements made in tlie laboratory and observatory 
respectively of a line which his diagram shows as clearly defined, 
though in the text he uses the ambiguous phrase that he was able to 
see a distinct impression ” of it. He did not| consider that a 
discrepancy of the magnitude indicated threw any doubt upon the 
identity of the lines. 

I may mention as another fact which supports the use of a three- 
figure reference, that even in the research on the brightest stars it 
"was difficult to absolutely reconcDe the one-prism work in the 
observatory with laboratory work. Ho better illustration of this 
could be found than a comparison of the work of two such observers 
as Dr. Huggins and Prof. Cornu. 

One of the chief points in the memoir was the discovery of a series 
of lines in the ultra-violet which Dr. Huggins ascribed to hydrogen; 
lines near the position given have, indeed, since been measured in 
hydrogen by Oomu.* I append the wave-lengths as given by the 
two observers:— 


Huggins.t 

Comu. 

3767-5 

3769-4 

3745-5 

3749-8 

3730-0 _ 

3733-6 

3717-5 

3720-6 

3707-5 

3710-7 

3699-0 



It will again be observed, that if one had wished to give a handy 
reference to these lines—a short title—^three figures would have been 
sufficient in two cases, for we have— 

3717-5 .... 3720-6 

3707-5 .... 3710-7 

It is no part of my present business, however, to discuss the relative 
accuracy of Dr. Huggins and Prof. Cornu as observers, but it must be 
pointed out that by the nature of the research Prof. Cornu is more 
likely to be right. We owe one of our best maps of the solar spectrum 
in this part to Prof. Cornu, and the comparison of hydrogen with the 
Sun could always be repeated at leisure and under stable conditions, 
whereas, in the case of Dr. Huggins, the result depended upon a 
photographic solar comparison in the telescope taken some hours 
afterwards. In any case, Professor Cornu’s numbers are three years 
old, and, so far as I know, Dr. Huggins has not challenged them. 

An inspection of the numbers shows that there is, in all probability, 

* ^ Journal de Physique/ yoI. 10,1886, 341. 
t ‘ Pliil. Trans-,’ vol. 171, p. 682. 






On the Chief lAn^ in the Spectrum of the NSuke^ ifl 

a systematic error in Br. Huggins’s resnlts of abont thirty of the 
units suggested above, and anyone acquainted with spectroscopic 
work will see how very, easily this might arise from the absence 
of perfect adjustment. 

This brings me to another point which also influenced me in 
arriving at the view I held, however erroneously. 

For the last fifteen years I have been employed, among other 
matters, in taking photographs of the solar spectrum compared with 
arc spectra. Of the thousands of photographs taken (with a disper¬ 
sion such that the distance between H and K covers about half an 
inch on the plate) many hundreds have been rejected on account of 
the want of exact coincidence between the solar and terrestrial lines 
of the same element, the slightest variation in the rate of the clock of 
the heliostat or siderostat employed, or the occasional changing of the 
are from the centre to either side of the pole, being enough to pro¬ 
duce this result. 

Hence, when I wrote my paper of November, 1887,1 held (and I 
still hold, although I may have erred in overrating the difficulty of 
observing stellar and nebular spectra) that short titles of the lines 
compared, extending to three figures, sufficiently refer to positions, 
and do not really underestimate the accuracy generally attainable. 
Indeed, if this be not so, then from the single instance I have quoted 
Dr. Huggins’s classic paper on the spectra of the white stars is mis¬ 
leading, and his series of lines in the ultra-violet cannot be due to 
hydrogen. 

These general remarks being premised, I next give in historical 
sequence the observations of the nebula line now in question. 


III. Wave-leitgth of the Chief Nebula Line. 

A. Historical Notice. 

Dr. Huggins’s considers the nebulae to be masses of gas, and he has 
suggested that the chief nebula line may owe its origin to some 
unknown form of nitrogen. 

When I commenced my experiments on meteoritic glows, I saw a 
line in the position of the chief nebula line, with the dispersion 
employed. Thinking it might arise from the magnesium in the 
silicate, I tried terrestrial olivine, and I again saw the line in its 
spectrum. Subsequent work with a large model Steinheil spectro¬ 
scope (four prisms and a high power eye-piece) showed that the line 
was coincident with the least refrangible member of one of the 
flutings seen in the flame-spectrum of magnesium, the wave-length of 
which had been given as follows :— 
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*Lecoq^ de Boisbaudraa . 5006 

tWatts .-.. 5006’5 


JLiveing aad Bewar (1878) .... 5000 

§ „ „ (1888) .... 5006*4. 

'N'ow for tbe determination of the wave-length of the chief nebula 
line. I give a condensed statement of the observations available when 
my paper was written. 

(1864) :—“ The strongest line coincides in position with the 
brightest of the air lines.”|j The diagram which accompanies 
this description represents the line about midway between the 
two components of the bright, coarse, nitrogen double. The 
wave-lengths given by Dr. Watts for the nitrogen lines from a 
reduction of Dr. Huggins’s measures are 4999 and 5003 so that» 
according to these measures, the wave-length of the nebula line would 
be somewhere between those positions.** Taking Thalen’s measures 
of the nitrogen lines (5002 and 5005), the position of the nebula line 
^assuming that it fell according to tbe drawing—would be 5003*5. . 

Taking Thalen’s measures and Dr. Huggins’s reference to tbe ^ 
coarse double line, which with the dispersion then used appeared as ^ 
a single one, the wave-length might be 5002*1 or 5005*1 or a|iy . 
value between these. We have thus a limit of eiTor of thirty u^its 
by Tbaleu’s values. Kircbhoflc’s values for the two lines, as giveiat by 
Watts, are 5004*6, 5000*6. 

1865. Secchi observed the spectrum of the Orion nebula in i865.tt 

* * Spectres Lmnineux,* p. 86. 

t ‘Phil. Mag.,* 1875, p. 85. 

^ t * I^y- Soc. Proc.,* Tol. 27, p. 353. 

§ * Roy, Soc. Proc.,* toI. 44, p. 242. 

II Dr. Huggins, ‘ Phil. Trans.,* 1864, p. 438. 

% ‘ Index of Spectra,* p. 3. 

** Dr. and Mrs. Huggins, in their paper, call these figures of Watts into question. 
They say, “ Watts's reduction of my (sic) measures to wave-lengths is clearly not 
aoeoardant with measures of air-lines immediately preceding and following this 
line. I have therefijre reduced my Qrig^nal measures to wave-lengths, and find for 
Nj, the value 5004*5— 


“ Kirchhoff. .. 5004*6 

“Thal5n. 5005*1 


** Thal^nfs value is cleariy too high, as Thal5n gives for the lead line coincident 
with Mi A.5004'6 and is seen on the more refrangible side of the solar iron line 
given by 4-iigstrdm as X5004-0. In Angstrom’s map is laid down on the more 
refrjuigihle side of the iron line 5004*9 at about 5004*6. The same position is given 
to in KirehhofPs map. I have made a new determination of the position of Hi, 
Usiug the second spectrum of a grating 17,300 to the inch, relatively to the solar 
imn line at 5004*9 according to AngstrSm. The value came out 5004*6.” (‘ Eoy. 
Soc. Proc.* vol. 46, p. 45.) 
ft ‘ Comptes Eendus,^ vol. 60, p. 543. 
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Three lines were seen, and others snspected- The positions of the 
lines were only roughly determined even by such an experienced 
observer. The strongest and wid^t of the Hnes was described as* 
situated at two-thirds of the .interval between S' and &, whilst the 
second line appeared coincident with F. 

1868. An observation made by Dr. Huggins in 1868 reads:—“The 
determination of the petition in the spectrum of the three bright 
lines was obtained by simultaneous comparison with the lines of 
hydrogen, nitrogen, and barium. The instrument which I employed 
had two prisms, each with a refracting angle of 60®, and the positions 
of the lines were trustworthy withi/n the limits of about the breadth of 
the double line !>•,.. The coincidence of the line in the 
nebula with the brightest of the lines of nitrogen, though now sub¬ 
jected to a much more severe trial, appeared as perfect as it did in my 
former observations.* 

It will be noticed that in these observations Dr. Huggins informs 
us to what extent his observations were trustworthy, and, taking 
Thalen’s measures for D, viz., 

5896*0 

5889*0 

we find the possible error to be sixty units of the scale above sug¬ 
gested. In the diagram which accompanies the above description the 
nebula line is shown coincident with the less refrangible component 
of the nitrogen double, in contradistinction to the former observation, 
which, made with less powerful dispersion and in accordance with 
Dr. Huggins’s estimate of the accuracy attained at that time, placed 
the line midway between them. 

In another paragraph of the same paper (p. 54S) Dr. Huggi^ 
takes “ the wave-length of the nitrogen line at 600*80 mOlionthsof 
a millimetre.” Hence, according to this statement, the nebula line 
would have a wave-length of 500*80; or 500*51, if Thal4n’s value for 
the less refrangible nitrogen line be taken, and by Dr. Huggins’s 
own assertion this value would only be accurate within the interval 

S tween the sodium double D, that is, 0006*0. It should also be 
ticed that the double line of nitrogen is again referred to as if it 
were a single line. 

1868. Lieutenant .Herschel made some micrometric m^ures of 
the chief nebula line in 1868,t a reduction of them wass made by 
D’Arrest in 1872, with the following result :—% 


* ^ Phil. Trans.,» 1868, pp. 641-2. 
t ‘ Boy. ScHj. Proc.,* vol. 16, p. 461. 

X * IJndersQgelser over d© Nebuloseftiemer,’ Oopenhagen, 1872, p. ^ 
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o. Oat. No. 

X of oMef line. 

1179 Orion neb. 

501-7 

1567 

501-0 

2102 

500-8 

2197 

493-4 

2581 

■ 499-8 

2917 

600-6 

4066 

499-8 

4361 

497-2 

4390 

604-9 

4403 

499-8 

4407 

■ ■ 499-4 

4510 

504-4 

4628 

501-9 


The mean wave-length given by this series is 500*36, and the 
extreme values are 493*4—504*9. 

1871. The following observations of the line in question were 
made by Yogel in 1871.’**' 


Orion nebnla, 13th January, 1871.... 

500-3 

„ „ 19tb March, 1871. 

500-2 

General Catalogue 4234... 

500*5 

» 4378... 

500-7 

„ „ 4390 . 

500-5 

>j 4447 .... 

500-7 

„ „ 4510 . 

600-8 


These measurements differ by no less than 60 units of the scale now 
adopted; the mean value is 500*53. 

1872. Dr. Huggins writes; “ The line of nitrogen, when compared 
with it (the nebula line), appeared double, and each component 
nebulous, and broader than the line of the nebula. This latter- line 
was seen on several nights to be apparently coincident with the middle 
of the less refrangible line of the double line of nitrogen.’^t 

This observation, however, obviously left us in the same position as 
that of 1868, as far as the wave-length of the nebula line was con-®^ 
cemed. 

1874. In a paper “ On the Motions of some of the Kebulss towards 
or from the Earthcommunicated to the Society in 1874, Dr. Huggins 
wrote:—J 

“The brightest line in the nebular spectrum is not sufficiently 
coincident in character and position with the brightest line in the 

* ‘ Bothk. Beob.,* Leipzig. 1872. 

t ‘ Boy. Soc. Proc.,* vol. 20, p. 383. 

Z * Boy. Soc. Proc.,’ vol, 22, p. 252. 
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spectniin of nitrogen to permit this line to be used as a fiducial line 
of comparison. The line in the speotrnm of the nebnlse is narrow 
and defined, while the line of nitrogen is double, and each component 
is nebulous and broader than the line of the nebulae. The nebular 
line is apparently coincident with the middle of the less refrangible 
line of the double line of nitrogen* ... In the course of some 
other experiments, my attention was directed to a line in the spectrum 
of lead which falls upon the less refrangible of the components of the 
double line of nitrogen. The line appears to meet the requirements 
of the case, as it is narrow, of a width corresponding to the slit, 
defined at both edges, and in the position in the spectrum of the 
brightest of the lines of the nebula. 

In December, 1872,1 compared this line directly with the first 
line in the spectrum of the Great Nebula in Orion. I was delighted 
to find the line sufficieiitly coincident in position to serve as a fiducial 
line of comparison. 

“ I am not prepared to say that the coincidence is perfect; on the 
contrary, I believe that, if greater prism power could be brought to 
bear upon the nebulss, the line in the lead spectrum would be found 
to be in a small degree more refmngible than the line in the 
nebulas. 

“The spectroscope employed in these observations contains two 
compound prisms, each giving a dispersion of 9® 6' from A to H. A 
magnifying power of sixteen diameters was used. 

“ In-the simultaneous observation of the two lines it was found that, 
if the lead line was made rather less bright than the nebular line, 
the small excess of apparent breadth of this latter line, from its 
greater brightness, appeared to overlap the lead line to a very small 
amount on its less refrangible side, so that the more refrangible side® 
of the two lines appeared to be in a straight line across the spectrum. 
This line could be therefore conveniently employed as a fiducial Mme 
in the observations I bad in view.” 

1877. The measures, by Dr. Copeland and Lord Lindsay, of the^ 
wave-length of the line near 500 in Nova Oygni, which has generally 
been accepted as the nebula line, were as follow :—f 

1877, January 2 . 502*4 

. 505*1 

8 ...... 502*9 

9 ........ 500*7 

27 ...... 500*8 

Mean 502*4 

* *.Eoy. Soe. Proc.,’ toI. 20, p. S80. 
f ‘ Copemieus,’ p*.lpl. 
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Fbi 0 p a^^itional measuraaiemts were iiaad6 by Dt. Cfepeland arid 
LcKPd Lindsay respectively on September 2, 1877. The reduction of 
the micromctrio measures by means of curves gave the following wave¬ 
lengths ;— 

Lord Lindsay. Dr. Copeland. 

499‘"5 .... 498-6 

500-1 .... 496-2 

498- 5 .... 496-4 

499- 0 .... 497-2 

Mean 499-3 .... 497*1 

Here, again, it is obvious that the wave-length of the line Tyas by no * 
means certain &oen to the first three figures, 

1880. Dr. Copeland observed the spectrum of a new planetary 
nebnla in 1880, and obtained the following measures for the chief 
nebula line;—* 

1880, December 3. 501*1 

„ 6...... 501-2 

Dr. Lohse measured the line at 5CK>6. 

The spectrum of the Stephen-Webb nebula was also obserVed*if 
sande time, and the line measured ah 501*9. ^ 

^,S!rse!n' these observations the mean wave-length of the tiebula line 
is found to be 501*2, a value difEering widdy from that given by 
Dr. Huggins. 

‘ 1882. In Dr. Huggins’s important paper on the photographic 
spectrum of the Orion nebula the only reference to the chief line is as 
follows :f—“The brightest line, wave-length 5005, is coincident with 
the less refrangible component of the double line which is strongest 
in the spectrum of nitrogen.” The change of wave-length from 
500*80, the value given in 1868, due to a change in the assumed value 
of the nitrogen line is made without explanation, which shows that 
Dr. Huggins did not at that time attach as much importance to such 
variations as he now seems inclined to do. The latest measures of 
this line, so far as I know, are those given by Dr. Copeland in 1888. J 
Althongh the dispersion employed is not definitely stated, it is' 
remarked that “ a sufidciently powerful spectroscope was used.” The 
measures he gives are as follow:— 

1886, December.. 5007 Two measures 

1887, January.... 5003 „ „ 

1887 „ .. .. 5003 One measure, 

* ‘ Copernicus,’ vol. 1, p. 2. 

t ‘ Boy. Soc. Proc.,’ vol. 33, p. 427. 

J * Monthly IJotices,’ voL 48, p. 360, 
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' In tiiese observatioiis, tlierefore, by one of our mosi skilled speo- 
troscopists, we have a difference of 40 of tbe xmife now adopted, 
and I cannot refrain from pointing ont that ^ther the dffi* 
calties of the observations or the liability to instrumental error mnst 
be very considerable when we see such variations as th^e, a suffi¬ 
ciently powerful spectroscope” and the magnificent instrument of 
Lord Crawford’s observatory being einployed. 

It will be seen from this short retrospect— 

(1.) That the mean of the recorded observations of the magnemnm 
fluting placed it at 5004*7, while Dr. Huggins’s last description (that 
I had seen) of the position of the nebula line in terms of wave¬ 
length gave 5008*0, as he stated it, or 5005*1, as it may be stated 
if we take Thalen’s value for the nitrogen line. These observa¬ 
tions, according to his own statement, were only trustworthy within 
a limit of sixty units, while the distances from the magnesium 
fluting are thirty-three and four units respectively, according to 
which measure of the nitrogen line be taken. From the facts at 
my disposal, it was obvious that, if any diffei*ence existed, the 
magnesium fluting was more refrangible than the nitrogen line, and 
therefore than the nebula line, assuming tbe accuracy of Dr. Huggins’s 
observation of 1868. 

(2.) That, if observations by others be considered, tbe wave-length 
of the magnesium fluting lies well within the extreme limits; and, 
indeed, not far from the mean of them all. 

From these facts, I trust it will be seen that I was perfectly 
justified in stating the wave-length of the chief nebula line to •feree 
figures only, and, further, that the coincidence between it and the 
magnesium fluting was sufficiently probable to justify the making of 
a statement “ with reserve ” to that eflect. 

Since my paper of 1887, however, was presented to the Eoyal 
Society, I gather from Dr. Huggins’s criticisms that he has entirely 
changed his ideas of the accuracy possible in these inquiries, and now 
practically withdraws all the statements on which I depended to form 
an ^timate of the amount of accuracy th^t could he counted upon, 
and the instrumental means that could be employed, in ihese 
raisearohes. As I bave shown, the accuracy which Dr. Huggins, 
hud attained with all his known skill in his last published 
observation of the position of the nebula line was trustworthy 
only within sixfy units, according to his own statement; this wm 
in 1868. During the last twenty years, so far as I can make out, this 
observation has not been improved npon by the more jjowerful aids 
to inv^tigation now m his possession, while, on the other hand, as 
recently as 1881, he regarded with complacency, as I have before 
stated, a variation of 100 units between the measured place of the 
same line in laboratory and ol^rvatoiy. Further, in all his impor- 
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tant work since 1864 Dr. Huggins Las employed only one or two 
prisms as a rule, whilst now he states that he can use a dispersion 
equal to nearly eight prisms of 60° in the case of the nebula in Orion, 
and its use implies that this is the minimum dispersion that should 
be used. I am rejoiced that this is so, if it be so; and future obser¬ 
vers, travelling over the ground of which I have attempted to make 
a rough survey, will no doubt have better observations to work upon 
than those on which I have depended. But although I am rejoiced 
that increased dispersion is possible, I am so thoroughly acquainted 
now with instrumental pitfalls that I cannot accept Dr. and Mrs. 
Huggins’s new value until we know more exactly how it has been ob¬ 
tained, and until many observations, the conditions of which are 
more fully described, have confirmed it. 

Dr. and Mrs. Huggins do not appear to have applied the same test 
at the same time to the coincidence of the third nebula line with the 
F line of hydrogen, so that whether the non-coincidence of the mag*# 
nesium was due to an instrumental error cannot be determined with 
the facts before us. 

The observed difference between the nebula line and the magnet 
sium fiuting was nineteen of Dr. Huggins’s present units, 
after all, if we only take his recent observations into accountj we htive; 
better evidence for the existence of magnesium in the nebulae than 
tre have for hydrogen in the whiue stars, so far as is evidenced by 
the lines discovered by Dr. Hnggins (see <mte\ for in their case the 
<SE>incidenoes do not occur within thirty units. 

* I next refer to my own observations with high dispersion. 


B. Lahoratory Observatio^is lOith Migh Diversion in connexion with the 
Chief Nebula Line, 

Dr. Huggins’s observations having led him to the conclusion that 
the chief nebula line is coincident with the less refi’angihle member 
of the double line of nitrogen near 500, and not with the magnesium 
fluting, I first directed my attention to observations of these lines 
and flutings in the laboratory, as the arrangements for observatory 
work with high dispersion were not completed. 

The laboratory work was begun last May, and some of the photo-^ 
graphic results were exhibited at the Royal Society Soiree in the 
same month. It was, however, interrupted till the end of Jnly, but 
since the recess it has been taken in hand again. Dispersions vary-? 
mg from that given by a Liveing direct-vision spectroscope to that of 
a Rowland grating of 12 feet 10 inches radins and 9’6 square inches 
surface, with an eyepiece of 1*4 inches equivalent focus, have been 
employed, in addition to which a Steinheil spectroscope with three or 
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(m some observationa) fotir prisms and a Cooke spectroscope of six¬ 
teen prisms have been used. 

The comparisons so far employed by Br. Huggins in his observa¬ 
tions of the chief nebula line are the double green line of nitrogen, 
a line of lead, and the bright fluting seen in the spectrum of burning 
magnesium. The relative positions of these have been re-observed in* 
the laboratory. 

The exact wave-length of the brightest edge of the magnesium 
fluting was flrst determined by means of a comparison photograph of 
the Sun and burning magnesium. 

The dispersion and width of slit were such that practically all the 
lines seen in Howland’s photographic map were shown in the photo¬ 
graph. There was a slight shift, the amount of which could be deter¬ 
mined by measuring the displacement of t; when this was allowed 
for, the wave-length of the magnesium fluting was found to be 5006’5 
on An^rom’s scale. This has since been confirmed by observations 
with the four-prism Steinheil and the first order spectrum of the 
Howland grating. 

Comparison photographs have also been attempted with the How¬ 
land grating, but it was found that even with two hours’ exposure 
ouly the first four maxima of tbe magnesium Anting were obtained. 
It was found difficult to keep the flame of the burning wire sufficiently 
steady to ensure the light falling directly on tbe slit during the whole 
time of exposure. 

It may be mentioned here that the secondary maxima of the fluting 
succeed each other at gradually increasing distances apart. The 
wave-lengths given by Messrs. Liveing and Dewar* and those det^- 
mined from the photographic comparison referred to are as follow 

liveing and Pewar. Lochy^. 


5006-4 


5006-5 



10-8 


10-4 

4995-6 


4996-1 



10-2 


11-0 

4985-4 


4985-1 



11-8 


11-6 

4973-6 


4973-5 



12-0 


12-2 

4961-6 


4961-3 



13-0 


12-9 

4948-6 


4948-4 



14-2 


14-0 

4934-4 


4934-4 



The next observations were made with respect to the relative pcwsf- 
tions of the magnesium fluting and the less refrangible component of 

* ‘ Boy. Sofi. Proc.,’ voL 44, p. 248. 



180 


Mr. J. N. Lookyer. 

the iitrlDgeH double, wHcb. aocorditig, to .Df. xHuggiad is ct^iuieideut 
with the nebula line. As in his observations of the nebula Br. 
Huggins used eight prisms of 60°, the Cooke spectroscope with eight 
prisms and a telescope magnifying fifteen times was first employed* 
An electric spark between magnesium electrodes was used, and the 
length of spark was so adjusted that the nitrogen lines were visible 
when a Leyden jar was connected with the coil and the maguesium 
fluting when the jar was taken out of the circuit. The spark was 
placed about 30 inches in front of the slit, and an image formed by 
a lens of about 9 inches focus. In this way the chances of error in 
measurement, due to changes in the direction of the light*souree, 
with respect to the slit, were reduced to a minimum. The spe^etrum 
was faint, so that it was found necessary to have the slit rather 
wide. Under these conditions the magnesium fluting fell on the less 
refrangible member of the double green air line, as Dr, Ht^gins 
observed the nebula line to do in 1868; this was confirmed bff my 
assistants, and was seen by my colleagues Professors Thorpe md 
Rucker. Twelve and sixteen prisms were subsequently used^ a»d 
with the wide slit, which it was then necessary to employ, the |niag- 
nesium fluting s^l fell on the less refrangible line of nitrpgei|^.,";^'| j ■ 

I would here suggest that in future comparisons of & 

|fehe nel:^l® with that- of magnesium th# quaniiiy spark 
^ploye|L for obtiiiuiigfthe flutmg, as it is ih^nd'way 
feye. : 

5 This repeated with a St§inheil spectroscope with 

ffehree prisms of a^ a telescope magnifying sixteen times. In this 
caae there was less light’ lost than with the Oooke spectroscope, aaad the 
ijbservations were made with less difficulty. 

* A small quantity of lead chloride was also introduced into the 
spark, and the lead line was seen to be slightly more refrangible 
than the edge of the magnesium fluting, so as to form a close double 
with it. Using a small jar, it was found possible to obtain together* 
the spectrum of nitrogen, magnesium, and lead superposed, and under 
these conditions the magnesium fluting was seen still apparently 
coincident with the less refrangible nitrogen line, and the lead line 
was a little more refrangible. 

The air spark so far employed was that obtained by using a small 
Jar; the nitrogen lines were very fluffy and the spark was so feeble 
that it was always necessary to use a wide slit. 

; In subsequent experiments the jar spark between the two platinum 
poles inserted in a glass tube containing air at a slightly reduced 
pressure was used. This gave the nitrogen lines very much thinner 
than the ordinary spark in air, and when a larger jar was put in 
circuit the spectrum was also brighter. A narrower slit could there¬ 
fore be used and comparisons made with greater accuracy. 





CChe 8oale is fcliat of Bowland’s pliotographio map.) 
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Four prisms and an observing telescope magnifying about ikirtyr 
times were first used with the new conditions, and it was then found 
that the magnesium fluting was a little less refrangible than the 
nitrogen line. In this case the magnesium spectrum was obtained by 
burning magnesium in front of the bulb, and the non-coincidence 
with the nitrogen line was put beyond doubt by observing the two 
spectra simultaneously. This was further confirmed with the 
Eowland grating, the magnifying power employed being about fifty- 
five times. 

Comparisons with the solar spectrum were then made, with the 
result shown in fig. 1, 

The solar spectrum shown in the drawing is from an. enlargement 
of Rowland’s map of the region in question, and the positions of the 
fluting of magnesinm and the lines of nitrogen and lead are as deter¬ 
mined with four prisms and confirmed with the Eowland, which difters 
from Angstrom’s scale by one division; e,g,, 5007*5 on Ecwland’s scalb 
is equivalent to 5006*5 on Angstrom’s. (This difierenoe was deter¬ 
mined by a comparison of twelve lines of iron mapped by Thal4n 
the corresponding solar lines Shown in Rowland’s map.) 
spectra of nitrogen are shown in the map, the first qn^ 
when the smJll Jar was used and theslit was . rather wiaer W^ i||i 
second, that seen tvith to jar spark in rarefied air and the silt as 
l^rrow-as possible./ 'Jii;4he first'.,case theare 'tery btead^and 
b^in to fa^e away rameb suddenly on both sides. Two spectra of 
magnesium are *^so shown, one with the slit wide and the other with 
it narrow. 

It will be seen that when the slit is rather wide the haziness of the 
less refrangible nitrc^n lines overlaps the first maximum of the 
magnesium fluting, when seen with the same slit. This is the same 
whether magnesium or platinum poles were used for the air spark, 
and this show;s that the apparent coincidence is not due to the 
remnant of the magnesium flutii^ being superposed on the air lines. 
The importance of using a narrow slit and a spark with large jar, 
preferably in air at a reduced pressure, for comparison, with the 
nebulas is, therefore, obvious. 

The results given are not to be absolutely relied upon, as there may 
be slight errors, due to the various light sources not being perfectly 
" in the line of collimation. It has been found, for example, that a 
change of 111 minutes of arc in the direction of the beam from the 
fidderostat displaces the lines about two divisions of Rowland’s scale, 
or more than the difference between the positions of the chief nebula 
line and the fluting of magnesium as determined by Dr. Huggins. 
Every precaution was taken, however, to ensure the accuracy of the 
observations^ The beam from the siderostat was first directed on the 
slit,' and the spark ^d lens placed in the same direction by adjusting 
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felieir shadows on the sHt plate. The slit was made as narrow as the 
Inminositj of the spark would allow. 

•It was also noticed during the observations that errors may be in- 
trodnced by the insensible motions of the eye in front of the slit. 
With a spectroscope having one flint glass prism of 60® and a tele¬ 
scope magnifying about fifteen times, the displacement of the 
lines due to this canse as referred to the cross wires was found to 
amonnt to as much as forty nnits, or twice the distance between the 
magnesium Anting and the less refrangible nitrogen line. With the 
Cooke spectroscope having eight prisms the displacement was not 
more than twenty nnits. Pinholes of various sizes were placed in 
front of the eyepiece, but the displacement was not at all diminished 
by this. The motion of the lines over the pointer was found to be 
quite rhythmical and to keep tinae with the beating of the heart. 

No doubt this displacement could be abolished by perfect focussingi 
but the construction of instruments generally does not admit of the 
focussing of the cross wires, and even if there be an adjustment, as 
ihere is in the instrument used by me, one condition is only good for 
one observer. 

These experiments, therefore, show that many precautions have to 
be taken before the coincidence or non-coincidence of one line with 
another can be determined with absolute certainty even when large 
dispersion and stable laboratory conditions are employed. 

The general results of the laboratory comparisons may be briefly 
stated thus:— 
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It must be remembered that ordinary observatory conditions are 
not nearly so favourable for accurate measurements of the positions 
of lin^ in spectra as laboratory ones. In the first place, the apparatus 
is not so stable, and must of necessity be in motion, and again, the 
collimator of the spectroscope with its slit exactly central must be 
demonstrated to be absolutely in the optic axis of the telescope before 
a measurement can be taken as final. 

Two series of observations should therefore be made, one with the 
spectroscope in one position, and the other when it has been turned 
VOL. XLvm. 0 
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tlirougli 180^. Tkere is no statement in Dr. and Mrs. Huggins’s 
paper that this has been done. 

, finally, I may point ont that with the above values, and assuming 
that the nebula line exactly coincides, as Dr. Huggins says that it 
does, with the least refrangible of the nitrogen double, the difference 
in position between it and the magnesium fluting is less than a quarter 
of the distance between the two D lines, and I have shown that this 
difference may easily arise from instrumental errors. 

0. Ohservatiom hy a New Method. 

The laboratory work having shown the numerous sources of error 
connected with observations where great accuracy is attempted, it 
seemed to me that it was quite hopeless to attempt very accurate 
observations of nebulae in the ordinary way, where the conditions are 
not nearly so favourable as in the laboratory. 

I have already pointed out that unless it can be demonstrated that 
the collimator of the spectroscope is absolutely in the optic axis of 
the telescope employed, one series of observations alone is worthless. 
Again, the greater the dispersion employed, the greater generally 
will be the weight of the spectroscope, and the less the stability of 
the apparatus. Finally, as the telescope must necessarily be in 
motion, the conditions are constantly liable to change by the varying 
dispositions of the various parts of the apparatus. 

It struck me that these difioulties could be to a great extent over¬ 
come by the use of a siderostat, in which case a spectroscope of any 
weight could be employed, as it was no longer necessary that it should 
be in motion. To test this method, arrangements were made for 
observing the spectrum of the nebula in Orion. A 12-inch side¬ 
rostat and the 10-inch object-glass of the Science Schools equatorial 
were employed, in conjunction with an optically perfect Steinheil 
spectroscope belonging to the Physical Laboratory, and placed at my 
disposal by Professor Pucker. 

The observations commenced on November 27th. 

The following account is based upon the records in the note book, 
farther explanatory additions having been made where necessary. 

November 27th ,—The 10-inch object-glass from the equatorial was 
supported in a semi-circular wood block, on an adjustable lantern 
tripod, which was sunk about 6 inches in the ground and the top 
perfectly levelled. By carefully sighting a lamp supported at the 
siderostat, the collimator of the spectroscope was placed in a line 
with it. The object-glass was then put in proper line, and adjusted 
by observations of Aldebaran with a reflecting eyepiece, which was 
supported in front of the slit, and so arranged that when an object, 
was in the centre of the field it was also on the slit. Aldebaran was 
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also used for adjiisting the object-glass at the proper distance from 
the slit. The ordinarj cross-wire eyepiece of the spectroscope being 
replaced by the bright line micrometer, the prisms were adjusted at 
minimum deviation for \ 500 by observing the spectrum of mag¬ 
nesium ribbon burning in a spirit lamp in front of the centre of the 
mirror. These preliminaries being completed, the work with the 
nebula was commenced. 

The nebula was first brought upon the slit by means of the 
reflecting eyepiece, and the observation was attempted with four 
prisms, but unsuccessfully, as the night was not good and the nebula 
was low, so two were removed. When this was done, the three prin¬ 
cipal lines were seen remarkably well, and a very narrow slit could be 
used. The chief line was made coincident with the illuminated 
pointer; magnesium ribbon was then burned at the centre of the 
mirror, and with this dispersion the coincidence between the nebula 
line and the least refrangible maximum of the magnesium fluting 
appeared perfect. These observations were made independently by 
Messrs. !Fowler and Baxandall, and Lieutenant Bacon, B.IT,, tempo¬ 
rarily attached to the Science Schools, but in no case was the 
nebula line seen more refrangible than the magnesium fluting. 
Another prism was then added, and set to minimum for X 500. 

Absolutely the same result was obtained. The burning magnesium 
used for comparison was removed from the front of the mirror and 
placed directly in front of the slit, but still the same result was 
obtained. The brightness of the nebula Hues with three prisms made 
it evident that another prism might be added. 

The magnifying power of the telescope employed was sixteen, and 
the dispersion C to H with three prisms was 6® 82'. 

November 2Sth ,—The observations of the Orion nebula were 
repeated with similar arrangements to those employed on the previous 
evening, the fourth prism being now added. The spectrum was very 
well seen when the nebula was on the slit, but it was very difficult to 
keep it on, as, in consequence of the looseness of a screw, as it was 
subsequently found, the siderostat clock worked badly. 

One comparison was, however, made by Mr. Bowler, using the 
same micrometer eyepiece as before and a very narrow slit. The 
nebula line and the less refrangible maximum of the magnesium 
fluting were found to be perfectly coincident. 

Arrangements had been made daring the day for burning mag¬ 
nesium, so as to get parallel rays from it. The method is shown in 
fig. 2, and consists of a collimator placed in front of the object- 
glass. When burning the magnesinm, a card, with a hole in the 
centre of the same diameter as the coHimating lens, was placed in 
front of the 10-inch object-glass to keep ont stray light. At the 
spirit lamp end of the tube was a piece of Mn foil with a pin-hole at 
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the centre. The image of this was focussed oil the sKt of the 
Steinheil, and when the magnesium was httming the spectrum was well 
seen. 

Ncmember 29^^.—^During the day the siderostat was put in order. 
The position of the collimator of the Steinheil was tested by open¬ 
ing the slit very wide, and burning magnesiiun at thb centre of the 
siderostat mirror (the mirror being temporarily removed for this 
purpose). The image of the slit fell exactly in the centre of the 
collimating lens, so that no alteration was necessary. 

An observation was also made of the displacement of the mag¬ 
nesium fluting brought about by moving the spirit lamp in which the 
magnesium was burned aWay from the centre of the mirror. It was 
found that if the lamp were moved more than two inches on either 
side the spectrum ceased to be visible. Between the two extreme 
positions (i.e., 2 inches on each side of the centre), the displacement 
produced was about one-third of the distance hetweeh the first and 
second maxima of the magnesium fluting. 

The rough collimator that had been previously used was replaced 
by the collimator of a student’s spectroscope, the slit pf which was 
adjustable both^for length and breadth. This was supported on a 
light iron tripod, so that, when in position, it would' prevent very 
little light from the siderostat passing through the object-glass. By 
this arrangement the spectra of magnesium and the nebula could be 
superposed, it being intended to obtain the magnesium fluting in this 
case from a quantity spark between magnesium poles* An enlarged 
image of the secondary sHt is, of course, formed on the slit of the 
Steinheil spectroscope. 

A complete plan of the apparatus, drawn to scales and showing 
some of the principal dimensions, is given in flg^ S. The Steinheil 
spectroscope employed has a circular table, 28 inches in diameter, 
supported on a tripod stand weighing about eighty pounds. The col¬ 
limator and observing telescope are each about 20 inches long, and 
have object-glasses If inches in diameter. The prisms have fac^ 
2" X 2", three of them having an angle of 45% and one of 60®, each 
one being supported on a stand provided with levelling screws. With 
the fonr prisms the dispersion from A to H is 10^* 

The reflecting eyepiece which was used to act Ss ^ finder was the 
ordinaiy one nsed with the 10-in<fli equatorial, and could be lifted out 
of its supports and put back again at pleasure, 

ISTo work could be done in the observatory this eveuiog on account 

November ZQth, —Commenced work by adjusting' £he object-glass 
and the collimator in front of it.- " 

The accuracy of this adjustment was checked by a*<k)mparison of h 
the spectrum of the Moon with 5 iii sp^ 2 ^ni;of magnesium 
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burning belimd the secondary oollimokjr. ‘Th^re was perfect coin¬ 
cidence between the lines. Four pnsms ware used for tbe comparison, 
and the centre of tbe Moon^s disc was thrown on tbe sHt. 

Everything being now in perfect adjustment^ the nebula was. 
turned to, and three good comparisons made of the chief line and the 
magnesium fluting, the magnesium being burned behind the secondary 
collimator. The pointer was displaced and readjusted in each obser¬ 
vation. In each case the coincidence with the least refrangible 
mmmum appeared perfect. These observations were made by 
Mr. Fowler and lieutenant Bacon. In order to further test the 
result obtained, Mr. Fowler put the pointer of the micrometer exactly 
on the nebula line, and left it for lientenant Bacon to say how 
position was with respect to magnesium; again it was perfectly 
coincident. 

lientenant Bacon znade three indep^d^t comparisons, the position 
of the pointer being changed each time, and twice fonnd ooinoidences 
with the least refrangible jnaximum, whilst once the nebula line 
appeared to be on the right-hand edge of the same maximum, Mi‘. 
Gregory also made one comparison which confirmed the above 
results. 

December IsL —^The object-glass havmg been adjusted by means of 
Aldebaran as before, the secondary collimator was put in position, 
and the magnesium spark from a quantity coil put behind the slit. 
With this arrangement a comparison of the nebula line with the lin^ 
of nitrogen could also be made. The collimator was adjusted by 
means of h, as seen in the Moon and in the magn^ium spark. 

The pointer of the micrometer was then put upon the F line in the 
Moon, and the nebula was afterwards brought upon the slit. The 
two lines were coincident^ showing the probable accuracy of &e 
adjustments. 

Three comparisons were made of the nebula line with magnesium 
by Mr. Fowler, the pointer being displaced each time; in each case 
tbe coincidence was perfect. 

Comparisons with the nitrogen lines showed the nelmla line to be a 
little less refrangible. 

I made the comparison twice, and in each case the coincidence 
with the magnesium fiuting was perfect. In one case I saw ibe 
pointer of the micsrometer, the nebula line, and the nitrogen lines at 
the same time; the pointer was on the nebula line, but both appeared 
to tie right of the nitrogen double. 

Finally, Mr. Fowler put the pointer on the nebula line, Lientenant 
Bacon agreeing with him as to the setting. Then I made the follow¬ 
ing comparisons;— 

(1.) With the nitrogen lines. Besult, ;^inter to the right. 

(2.) Magnesium burning behind slit. Besult, coincidence perfect. 
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(3.) Magnesium burning at tbe centre of the siderostat. Result, 
again perfect coincidence. 

It was found that magnesium burning at the centre of the sidero¬ 
stat was coincident with magnesium burning behind the secondary 
slit, thereby showing the accuracy of the adjustments. 

In all these observations the nebula line was seen to be sharper on 
the right-hand edge than on the left, and it was irregularly bright 
along its length, as in the Westgate observations. 

The observations have left no doubt in my mind as to the coin¬ 
cidence of the chief nebula line with the magnesium fluting, under 
such conditions that at the same time the coincidence of the F line of 
hydrogen with another nebula line was demonstrated. 

Lieutenant Bacon and my assistants concur in this view. Even 
with four prisms the observations are by no means easy, and are 
very delicate, but it is important to note that in no observation 
was the nebula line found more refrangible than the magnesium 
fluting, and if the optical conditions were imperfect it seems hardly 
likely that an error in the same direction would be reproduced on 
four different nights, the apparatus being set up afresh each time. 

Arrangements are in progress for repeating the observations with 
apparatus furnished with screw adjustments. 

There is ohe more test of the accuracy of the adjustments which 
might have been applied had I thought of it in time. So far the test 
relied on has been to see tibat the lines seen in the spectrum of mag¬ 
nesium burning at ihe centre of the mirror were coincident with those 
seen when the magnesium was burned behind the secondary slit. In 
one case the light passed through the object-glass only, while in the 
other it passed through the object-glass and secondary collimator. 
When the observations are repeated, it is intended to further test 
the adjustments by forming an image of the flame at the mirror 
upon the secondaiy slit, so that in both cases the light will pass 
tlmough the collimator and object-glass. If the lines are still coin¬ 
cident, the accuracy of the adjustments will be still further demon¬ 
strated. 


lY. Eluted Ghaeaotek op the Ohiep Nebula Line. 

Er. and Mrs. Hnggins state that the chief nebula line is perfectly 
sharp, and well-defined. This necessitates my giving in reply a com¬ 
plete account of those recorded observations, which, coupled with 
my own, have led me to the opposite conclusion, namely, that the 
line is often noticed ill-defined at the edges, chiefly on the blue side, 
and in some parts of the nebula iu Orion presents even more unmis¬ 
takable indications that it is the remnant of a fluting. 

Certain references in the paper suggest that it may be well that I 
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should briefly state what I understand by a fluting, and I cannot do 
this better than by referring to observations of a candle flame which 
anyone can make. A pocket spectroscope and a lens are all that are 
needed to follow my remarks. If the image of the base of the flame 
be projected on to the slit, bright flutings are seen in the green 
, (near h\ citron, blue, and violet. That in the green is the brightest, 
and is seen to consist of three apparent bright lines with faint fringes 
on their more refrangible sides. The different members of the group 
gradually diminish in brightness, the least refrangible being the 
brightest. Such a group as this I look upon as a compound fluting, 
and each member itself as a simple fluting, since with high disper¬ 
sion the fringes break up into series of fine lines very close to¬ 
gether. If now the image of the flame be gradually raised, so that 
the base passes off and portions nearer the centre are brought on 
to the slit, the fainter members of the group gradually disappear,* 
and when a certain point is reached only the brightest, least refran¬ 
gible, simple fluting is left. This I look upon as the “ remnant of a 
fluting,*’ whether the fluting was in the first instance simple or com¬ 
pound. 

The compound fluting of magnesium near 500 is very similar to 
that of carbon. It consists of a series of bright lines of gradually 
diminishing brightness and increasing distances apart towards the 
more refrangible end, and each has a fringe on the more refrangible 
side. The first maximum (the least refrangible) is brighter than the 
others, and the fringe close to it is brighter than the second maxi¬ 
mum, and so when “ the remnant of the magnesium fluting near 500 ” 
is referred to, the first maximum with that portion of its fringe 
which is brighter than the second maximum is meant. 

Before I give the observations of the character of the chief 
nebula line in historical sequence, I quote Dr. Huggins’s statement:— 
My own observations of the line, since my discovery of it in 1864, 
with different spectroscopes up to a dispersion equal to eight prisms 
of 60®, show the line to become narrow as the slit is made narrow, 
and to be sharply and perfectly defined at both edges.” 

The following are the first recorded observations:— 

In 1864, the spectrum of the Dumb-bell nebula in Vulpecula was 
observed, and it was noted* that the light of this nebula, after “ pass¬ 
ing through the prisms, remained concentrated in a bright line, cor¬ 
responding to the brightest of the three lines represented in fig. 5, 
Plate X. This line appeared nebulous at the edges^ 

Similarly, it was recorded in 1866 of the spectrum of General 
Catalogue Ho. 4403:—1“ The spectrum of this nebula indicates 
that it posesses a gaseous constitution. One bright line only was 

« ‘Phil. Trans./ 1864, p. 441. 
t ‘ Phil. Trans.,’ 1866, p. 885. 
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seen, occupying in tlie spectrum apparently tlie same position as the 
briglitest of tlie lines of nitrogen. When the slit was made as narrow 
as the intensity of light would ^ermit^ this bright line was not so welh 
defined as the corresjponding line in some of the other nebulce under 
similar conditions of slit, hut remained nebulous at the edges.^* An ob¬ 
servation of tbe spectrum of General Catalogue iN'o. 4572,* also, 
made in 1864, led the observer to record :—“ The spectrum of this 
nebula consisted of one bright nebulous line of the same refrangibility 
as the brightest of the lines of nitrogen/’ and in the same paper we 
read:—“ One bright line only was distinctly seen, of apparently the 
same refrangibility as the brightest of the nitrogen lines. This bright 
line a(ppeared by glimjgses to be double. Possibly this appearance was 
due to the presence near it of a second line.” 

These observations show conclusively that the chief nebula line 
has not always been described as “ sharply and perfectly defined at 
both edges,” to use Dr. Huggins’s language of 1889, and to no one 
should this fact be more manifest than to Dr. Huggins, since the 
above observations were made by him. 

Secchi, one of the first observers of nebular and stellar spectra, in 
observations of some planetary nebulse made in 1866,f saw the’three 
prinoipal Hnes, and noted that “the planetary nebula in Andromeda 
has the lines above named, but the principal one is a little di&sed.” 

The observation relating to the presence of a second bright line 
very near to the chief nebula line might have been of considerable 
importance, and have afforded an almost crucial test of the validity 
of my identification of the line. This second line might well have 
been the seconds maximum of the magnesium fiuting, but Dr. 
Huggins’s statement as to its position is so loose as to make it 
impossible for me to say whether such is the case or not. 

I should, however, have been unjustified in relying upon Dr. 
alone ; and it will be seen from what follows that nearly 
all observers of nebula spectra have noted at some time or other that 
the chief nebula line appeared undefined at one edge, as if it were 
part of a fluting. 

In 1871 Yogel made some observations of the spectra of nebulse.t 
I have noted that in 1864 Dr. Huggins observed only one bright line 
in the spectrum of the Dumb-bell nebula, and recorded this line as 
at the edges. Yogel’s observations of the spectrum of the 
same nebula in 1871 agree, as regards the character of the line, in 
every respect with that of Dr. Huggins. 

The following is Vogel’s description :—“ Sehr heller grosser Hebei 
der unter dem Hamen Dumb-bell bekannt ist. Das Spectrum desselben 

* ‘ Phil. Trans./ 1866, p. 386. 
t * Bullettino Meteorologico,’ 31st Oct., 1866. 
t ‘ Bothk. Beob./ Leipzig, Heft Ij 1872, p. 56. 
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wurde am 21 Mai, 1871, untersTiclxt, es besteht aus zwei Linien, von 
denen die erste mit der Stickstofflinie (Wellenlange 600*4 Milliontel 
Millimeter) coincidirt; diese Linie ersckeint aber bier breiter als in 
den Spectren der planetariscben Nebel und ist hesonders nach dent 
violetten Bnde des Spectrums sbhb vbewaschen.’^ 

Here, then, it is again explicitly stated that the nebula line was 
considerably ill-defined on tbe violet edge. 

Bredicbin made a series of observations of tbe three nebula lines 
in 1877, and be noted also that tbe chief line was less defined on 
tbe blue edge. In tbe words of this observer, “se presentait 
comme nne bande, nne pen pins claire vers le ronge.”* 

Tbe following is tbe description of tbe chief nebnla line, as seen in 
tbe Orion nebnla, given by Mr. Maunder in 1884:— 

Tbe line X 5006 was examined with this latter dispersion (two- 
prism train), the slit being very narrow, and was seen to be a single 
line, l^’one of tbe lines in tbe spectrum of tbe nebnla are, however, 
very sharp. X 5006 showed a faint fringe mainly on the side nearer the 
hlueJ^ 

It must be borne in mind that as these observations of tbe unde¬ 
fined condition of tbe blue edge of tbe nebular line were made before 
special attention bad been directed to it by my paper of November, 
1887, they were alsolutely unbiassed. Prior to 1887, no one bad 
suggested that tbe line might be tbe remnant of a fluting. Indeed, 
Dr. Huggins contended for a line of an unknown form of nitrogen, 

I have already quoted Dr. Huggins’s present declaration, that since 
bis discovery of tbe nebula line in 1864 be bad always observed it as 
sharply and perfectly defined at both edges, by widob assertion be 
practically repudiates bis own published observations. But Dr. Hug¬ 
gins has done more than this; be has put himself to the trouble <A 
communicating with other observers of nebula spectra with a view of 
obtaining their opinions as to tbe character of the chief line. I need 
only refer to Dr. Huggins’s correspondence with Professor Yogel, 
who wrote, J in answer to a letter from him and in support of bis 
view:—“ Beeile ich mich Ibnen mitzutheilen, dass meine langjabrigen 
Beobacbtungen fiber die Spectra der Gras-Nebel vollkommen mit den 
Ibrigen darin fibereinstimmen, dass die Nebellinie X 5004 scbmal, 
sebarf und nioht vbrwaschin ist.” With reference to tbe observa¬ 
tion of Dr. Vogel as to tbe undefined character of one edge of tbe . 
nebula Hue, previously referred to in this reply, Dr. Huggins remarks 
e>s follows:—“In an early observation of tbe Dumb-bell nebnla, 
Professor Vogel, indeed (‘Beobacbtungen zu Botbkamp/ p. 69,1872), 
describes this line as less defined towards tbe violet side. In a letter 

* * Annales de TObs. de Mobcou,* yol. 3,1877, p. 120. 
t ‘ G^reenwicb Spectroscopic Besults,’ 1884, p. 6. 
t ‘Roy. Sec. Proc.,* yol. 46, p. 63. 
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(April 3, 1889), Professor Vogel says this appearance of the line was 
probably dne to a slit not snfGlciently narrow. He says that he re¬ 
examined this line in his observations with the great Vienna refractor, 
and that it did not then appear otherwise than defined and narrow.” 

I fancy that Dr. Hnggins and Professor Vogel must know that 
widening the slit does not generally cause a well-defined line to 
become less defined on one side only. Again, the fluting would very 
probably be seen little better with the Vienna refractor than with 
that at Bothkamp; for I find that the brightness of the nebula in 
the former is to that in the latter only about as 13 to 10. 

Since my paper of !November, 1887, was written other observers 
besides Dr. and Mrs. Huggins have had their attention directed to 
nebular spectra, with special reference to the character of the chief 
line. 

My first observations of the nebula of Orion from this point of view 
were made at Westgate-on-Sea in October, 1888, by means of a 
12-inch mirror that had been kindly placed at my disposal by 
Mr. Common. The image of the nebula being allowed to float 
slowly over the slit, I distinctly got the impression that the line in 
question varied in its behaviour from the other lines, and that at the 
points where it was brightest it extended most towards the blue end 
of the spectrum. The observations were repeated at Kensington 
with the 10-inch equatorial by Mr. Fowlef, Demonstrator of As¬ 
tronomy, and Mr. BaxandaD, and they arrived at the conclusion that 
the chief line had a decidedly fluted appearance. 

This observation is further borne out by Mr. Taylor, who, referring 
to an observation made in November, 1888,* states:— 

“ The 6001 line is by far the brightest in the spectrum. It is 
never seen sharp, but, with the narrowest slit, always has a fluffy 
appearance, this being much more marked on the blue than on the red 
edge. This was most carefully examined for evidenje of structure, 
but the line was always found to be single, and no decided evidence of 
fluting structure could be made out.” It is clear from this observa¬ 
tion that the line fades away towards the violet end of the spectrum, 
although the actual compound structure of the magnesium fluting is 
not visible. I shall presently have to refer to an experiment which 
shows that the compound structure would not be likely to be visible. 

I have quite recently (October 29) observed the spectrum of the 
nebula in Orion with my 30-inch reflector at Westgate-on-Sea, using 
an enlarged form of pocket spectroscope with a dispersion which 
does not split D, and the observation is, to my mind, final. I found 
that in certain parts of the nebula the lines were knotted, and in 
others broken; but in the former case, whilst the F line thickened 


* ‘Monthly H’otices, E.A.S.,’ vol. 49, p. 125. 
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equally ou hoth sides, the chief line thickened only on the more re¬ 
frangible side. This result is shown in fig. 4. 


48 6 i 
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Fig*. 4. —Diagram showing the appearance of the three principal lines in the 
spectrum of the nebula in Orion as obseryed in the Westgate 80-inch reflector. 


This was confirmed by Messrs. Fowler and Baxandall at Kensing¬ 
ton, with the 10-inch equatorial on October 3Ist and November 1st, 
and again by Mr. Fowler, with the 30-i^oh, on November 2nd. It may 
be noted also that I got momentary glimpses of many bright lines 
between F and G on October 31st, Messrs. Fowler and Coppen have 
since made some very careful observations of the Ring nebula in 
Lyra, and also record the chief line as having a fringe on the more 
refrangible side. A line less refrangible than 500 in the neighbour¬ 
hood of h was suspected; this may turn out to be the carbon fluting 
near 51V: the absence of the hydrogen line in the 10-inch was im¬ 
portant as indicating that the nebula is in an advanced stage of 
condensation, approaching that of the nebula in Andromeda. 

In the observations with the siderostat arrangement, as pointed 
out in the extracts from the observatory note-book, the chief line 
was noted by Mr. Fowler and Lieutenant Bacon to have a decided 
fringe on the more refrangible side. ^ 

It may be remarked that high dispersion is not so likely to show 
the fluted character of the chief line as low, for the more the 
fringe is dispersed the fainter it must become. 

In consequence of the brilliancy of the Orion nebula, the fluted 
appearance of the chief line would be more manifest than in any other 
nebulsB, and the absence of the fringe when the line is seen in the 
spectra of fainter nebulae is therefore not antagonistic to the view that 
the line may be the reinnant of the magnesium fluting. This must 
not be misinterpreted. Given two nebulae, exactly alike in every 
respect but temperature, then the line, if visible in both, would appear 
more like a compound fluting in that nebula of which the temperature 
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was lower, and would become more like a line as the temperature was 
increased. 

But this is not all; a greater number of collisions per unit volume 
at the same temperature wouW increase the visibility of the effects, 
and greater brightness in a nebula may proceed from this cause as 
well as from a less distance. We should not, ther^ore, expect to see 
the flutifig, even if its existence be conceded, in mil oases, and the 
smaller the dispersion the better it will be seen, cmteris pcmbus. Ex¬ 
periments have been made here on the spectrum of magnesium when 
seen very faintly with moderate dispersion. 

The conditions being such that the structure of the fluting near 500 
♦ was well visible when magnesium ribbon was burned an front of the 
slit, a sufficient thickness of neutral tint glass was introduced to 
reduce the brightness of the fluting until it was about equal to that 
of the chief line seen in the spectrum of the nebula in Orion. 
Under these conditions, the 500 fluting is only faintly visible and the 
secondary maxima entirely disappear. We getj|only the brightest, 
least refrangible member of the compound fluting, together with a 
simple fringe of light without structure on the more refrangible side. 
This experiment was shown at the Boyal Society Conversazione in 
May, 1889, and a note upon it may be found on page 13 of the pro¬ 
gramme. The experiment has recently been repeated and fully 
confirmed with a four-prism Sbeinheil spectroscope. It was found 
best to adjust the dark glasses so that two or three of the maxima were 
seen when the magnesium was burning; then, when the magnesium 
was just dying out, only the least ref rangible one, with a slight fringe, 
was seen. 

The greater luminosity of the first maximum and its fringe has also 
been observed in another way. Magnesia, volatilised in the oxy- 
hydrogen flame, with the proportion of gases properly adjusted, gives 
the compound fluting pretty bright. If, then, the quantity of 
hydrogen be increased or diminished gradually, whilst the oxygen 
remains constant, the fluting gradually disappears, but the first 
maximum and its fringe are seen when all the others have dis¬ 
appeared. 

Numerous photographs have also been obtained which show the 
first maximum brighter than any of the secondary ones. 

These experiments not only show that the first maximum is brighter 
than the secondary ones, but further, that some of the fringe on the 
more refrangible side of it is also brighter. In observations of nebulee, 
therefore, if the chief line be due to magnesium only a very slight 
fringe would be observed unless the luminosity be sufficient to render 
visible some of the secondary maxima. 

I have shown, therefore, that many records exist as to the fluted 
appearance of the chief nebula line—^records that amply justify the 



On the Chief Line in the Spectrum of the Nehulm. 197 

identification of it witli tlie low-temperature magnesium fluting near 
500, an origin that seemed most probable from my experiments on 
tbe spectra of meteorites. The fact that one or two published obser- 
Tations have now been practically withdrawn does not affect the 
main issue in tbe faintest degree. 

Whatever the chemical origin of the line, the historical statement 
I have just given affords good grounds for believing that it is certainly 
a remnant of a fluting. 


V. COJS'OLUSIOU'. 

The facts recorded in this paper seem to me to demonstrate con¬ 
clusively that the line under discussion is due as the induction 
suggested to magnesium. 

, High dispersion has been employed, and we now know that the line 
seen in the meteoritic glows is truly the remnant of the magnesium 
fluting. We further know that the nebula line is coincident with the 
edge of the magnesium fluting when the two are compared with a 
four-prism spectroscope and a high magnifying power, both nebula 
and magnesium being observed under absolutely the same conditions. 
Even if we accept Dr, Huggins’s observation of 1868, the nebula line 
only differs in position from the magnesium fluting by a quarter of 
the distance between the D lines, and we know that many sources of 
error may explain that difference. 

Finally, many observations, both new and old, show that the nebula 
line resembles the first maximum of the magnesium fluting in having 
a fringe on its more refrangible side, and I have shown that the 
spectrum of magnesium may be observed under such conditions that 
only the first maximum and its fringe are visible. 

; The discussion of the other lines is reserved for a further communi¬ 
cation, as the work connected with them is not yet completed. 

With regard to the concluding part of Dr. and Mrs. Huggins’s 
paper, I have recently sent in communications to the Royal Society 
from which it will be gathered how independent the meteoritic hypo¬ 
thesis is of the visible radiation of magnesium in meteorites at the 
temperature of nebulse. But whether the line referred to in this 
paper be due to magnesium or not, I am glad to find that Dr. Huggins 
has so far accepted the views which I have recently put forward 
as to admit in the paper under reply that the nebulae may 
'‘‘represent an early stage in the evolutionary changes of the 
heavenly bodies,” and that they may stand at or near tbe beginning 
tof the evolutionary cycle so far as we can know it;* whereas he 
formerly held that “the nebulse which give a gaseous spectrum 
iire systems possessing a structure, and a, purpose in relation to 
* ‘ !Roy. §oc. Proo.j.’ toI. p. S9. 



198 Note on the Spectrum of the Nehuh of Orion. 

tlie universe, altogether distinct and of another order from the 
group of cosmical bodies to wHclx our Sun and the fixed stars 
belong;’"’^ and thab: ‘‘We have in these objects to do no longer 
with a special modification only of our own type of Suns, but find 
ourselves in the presence of objects possessing a peculiar and distinct 
plan of structure.’’t ^ shall take a subsequent opportunity of showing 
how untenable is the view he now communicates, that, although the 
nebulae represent early evolutionary forms, they are at a high tem¬ 
perature and that the constituents of the mass are arranged in the 
order of their vapour densities. I refrain from discussing these points 
on the present occasion; but I may remark that if such a view were 
#true, and we further accept the statements that the nebula line was 
seen in the comets of 1866-67 and that Nova Cygni probably exists as 
a planetary nebula of small angular diameter, we are driven to the 
conclusion that comets reduce their temperature as they approach the 
Sun, and that “new stars ” get hotter as their luminosity diminishes. 


“Note on the Spectrum of the Nebula of Orion/' By J. Norman 
Lookyer, F.K.S. Received and read February 13, 1890. 

In a former communication I gave in detail observations made by 
means of a siderostat, which seemed to put beyond all reasonable 
doubt the question of the origin and true wave-length of the chief 
nebula line. Although, as I stated in the communication referred to, 
I regard this question as one of secondary impoi^iahce, I have com¬ 
menced another series of investigations with a view of eliminating 
all possible instrumental errors. The new method has not been 
completely carried out, but a sufficient approximation to it has b%en 
reached to render the results obtained of some interest. 

Using the siderostat, object-glass, and collimator as before de¬ 
scribed, the method in question consists in using a vacuum tube, 
giving the lines both of hydrogen and niti'ogen in front of the slit of 
the collimator. The tube made for this purpose was found to have 
leaked when there was an opportunity of using it, so that the obser¬ 
vations of hydrogen and nitrogen, in comparison with the nebula 
lines, have not been made in the same field of view at the same time. 
The hydrogen tube and an air spark with iron poles (iron poles 
being chosen in order to check the position of the nebula line near 
\ 495) were, however, placed alternately in front of the slit of the 
collimator, and this enabled the observations to be made^with almost 
equal accuracy. I give the following extract from thej Observatory 

* ^ Roj. Soc. Proc.,* vol. 14, p. 42. 
t ‘ Phil, Trans.,* 1864, p. 442. 
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note-book. The observations were made by Mr* Fowler (who was 
assisted by Mr. Ooppen) on February 6:— 

“ Made farther observations of the nebula of Orion with 4-prism 
Steinheil spectroscope. First compared nebula spectrum with spec¬ 
trum of spark between iron poles close to slit, the secondary collimator 
not being used at all. 

Besults. —49S nebula line exactly coincident with iron line 
4956*8. At the same time, the 500 nebula line was certainly less 
refrangible than the nitrogen lines. 

Next adjusted collimator and put hydrogen tube and iron spark 
successively in front of slit. 

** B$mlt8,~Zvcl nebula line coincident with F line of hydrogen. 
*‘495 line coincident with iron4956’8. . 

** 600 line less refrangible than nitrogen lines. 

“ 600 line exactly coincident with magnesium fluting, whether the 
nxagnesium was burned behind the slit of collimator or at the centre 
of siderostat mirror.’* « 

It will he seen that these observations entirely confirm those which 
I have already communicated to the Society, and also carry the work 
a step further in the determination of the actual wave-length of the 
nebula line near X495 by the siderostat and collimator method. 


Preliminary Note on Photographs of the Spectrum of the 
Nebula in Orion.” By J. Nobman Lookyeb, F.E.Sv Ee- 
' oeived and rettd P^bttiary i890, 

., Xn Society, ! hawe* shown that the 

^peptfem^with the remnant uf 

: South; 

,ni%d-%,>,*herei^»(twi&.'tthe 'M^mch 
reflector at Westgate-onr,^e% to oWaiUi ph©t®g!r?apis. Of thocspectolm 
th? U^bp.1%* using magnesium , a# the term of oomparisOm* The 
objects sought,.were, primarily, to determine: whether thea?e was'a 
line in the nebula corresponding with one of the lines of the magne¬ 
sium triplet about X 373, and to obtain as complete a photographic 
record as possible of the spectrum between this triplet and X, 500. 
With this view, Mawson’s instantaneous plates were used, ihese 
having been found to be fairly sensitive to the green. The exposures 
have been carried up to four hours, and five photographs have already 
been taken, some of them with shorter exposure than that named, in 
consequence of the sky becoming clouded or ipregularities in the 
driving clock, which is not yet completely finished. One plate only 
was exposed for four hours, on February 11, but, unfortunately, in 
VOL. XLVIII. P 
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the compound carbon fluting. It seems, therefore, probable that all 
the fainter lines are either due to carbon or to low-temperature 
metallic lines. 

It is a very striking fact that some of the chief lines are' ap¬ 
parently coincident, although the statement is made with reserve, 
with the chief bright lines in P Cygni, a magnificent photograph 
of which I owe to the kindness of Professor Pickering; it is one of 
the Henry Draper Memorial photographs. 

The wave-length of the line about X373 mays perhaps, even yet 
not be considered quite settled; but this much may be said, that, in 
those photographs in which the chief nebula line is sensibly coinci¬ 
dent with the magnesium fluting, the ultra-violet line is very nearly, 
if not quite, coincident with the least refrangible member of the mag¬ 
nesium triplet (\ 3730). This, however, is somewhat uncertain, 
because of the over-exposure of the magnesium spectrum. It is 
certainly not coincident with either of the more refrangible lines of 
the triplet, as the treasured distance between the two lines of the 
nebula is almost the same as that between the least refrangible line 
and the fluting near \ 600 of the magnesium spectrum. 

The most satisfactory determination of the position of the ultra¬ 
violet line has been made by a comparison of the two photographs of 
February 10 and 11. The magnesium spectrum in the latter photo¬ 
graph is more clearly defined than in the former one, the slit being 
narrower, and the .other instrumental conditions remaining the 
same. 

The distance between the fluting near 600 and the least refrangible 
member of the triplet on the photograph of February 11 was found to 
be very slightly less than that between the two nebula lines on the 
photograph of February 10. According! to these measures, the 
nebula line falls between the two magnesium lines at 3730 and 3724, 
about one-sixth of the distance between them from the former, giving 
its wave-length as nearly 3^29. These measures, however, must only 
be regarded as preliminary. 

A complete map is being prepared by ’Mr. Fowler, but, as it 
■^<^q.*ii*es careful manipulation of the incident light for the detection of 
the more delicate lines, it is not yet completed. I have asked Mr. 
Fowler to take complete charge of this work, for the reason that the 
sensitiveness of my own eyes is somewhat impaired. 

I have finally to express my great obligations to Mr. Fowler for the 
zeal and patience which he has displayed in taking the photographs. 
He is entirely responsible for those taken on February 2, 10, and 11, 
w'^hen I was away from Westgate. 
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“ On a Ee-determination of tte Principal Line in the Spec¬ 
trum of the Nebula in Orion, and on the Character of the 
Line.” By WiLLiiM Huggins, D.C.L., LL.D., F.R.S., and 
Mrs. Huggins. Received March 20,—Read June 12, 1890. 

We think it desirable to put on record the results of are-determina- 
tiou of the position of the principal line in the spectrum of the nebula 
in Orion, under the more favourable conditions of a higher position of 
the nebula, and of some improvements in the instrumental arrange¬ 
ments.* The specbroscopes have been furnished with new and sensibly 
perfect object-glasses by Sir Howard Grubb, and a new bright pointer 
has been fitted to the spectroscopes by Mr. Hilger, which is illuminated 
by a small incandescent lamp, of which the brightness is controlled by 
suitable resistances. In all other respects the instrumental arrange¬ 
ments have remained unaltered. The same spectroscope, giving a 
dispersion of about four prisms, which was described in my paper of 
1872 as Spectroscope B,t and was used in the work on this line con¬ 
tained in my paper of 1874,J and also throughout the work of last 
year, with the exception of one single confirmatory observation ^vith 
a,more powerful spectroscppe,§ was employed in the present investiga¬ 
tion, and also the same arrangements for the comparison spectrum 
from burning magnesium. * 

In my earlier spectroscopic work I pointed out that a possible paral¬ 
lactic error of the comparison spectrum may easily come in when a 
small reflecting prism is placed in the usual way before one half of the 
.slit; and a}so the possibility of ^errors from the unavoidable flexure 
of the spectroscope or of its attachments to the telescope. In 1872, I 
adopted the plan of placing “ the spark or vacuum-tube within the 
telescope at a moderate distance from the slit. For this purpose holes 
were drilled in the telescope-tube, opposite to each other, at a distance 
of 2 feet 6 inches within the principal focus. Tubes were fixed by 
screws over these holes,.and in these tubes slide suitable holders for 

^ [In a communication last January to the Royal Society, Professor Lockyer 
stated that he and his assistants had by different methods and with great dispersion 
compared directly the chief line in the spectrum of the Nebula in Orion with the 
band of the magnesium-flame spectrum, and that they had found perfect coincidence 
between the nebular line and the terminal line of the band. Professor Lockytr 
also stated that they had always seen the line as a fluting. These statements being 
in direct contradiction to my early observations and to the conclusions of our paper 
of last year, the necessity was thrown upon us of going over our work again.— 
July 4.] 

t ‘ Roy. Soc. Proc.,’ vol. 20, 1872, p. 382. 

J * Roy. Soc. Proc.,’ vol. 22, 1874, p. 252. 

§ ' Roy. Soc. Proc.,’ vol. 46,1889, pp. 50, 51. 
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carryiBg. electrodes or Tacunm-tubes. The final adjustment was 
tested by the comparison of the bright lines of magnesium and the 
double line of sodium with the Fraunhofer lines b and D in the 
spectrum of the Moon.”* 

I have since adopted an arrangement in which, when once adjusted, 
any sensible parallactic* effect from a change of position of the source 
of light seems to be impossible, for even a minute motion of the spark 
or other source of light for comparison has the effect of throwing the 
light to one side, without the slit; so that, as long as the comparison 
spectrum is seen, there can be no doubt that the direction of the light 
for comparison, as it fell upon the slit, had remained invariably the 
same, relatively to the optical axis of the telescope, and consequently 
to the celestial spectrum under observation. 

In the diagram, ahcd represents a section of the telescope-tube 
near the middle of its length; within this is firmly screwed a thin 

s 

L 


d 

steel arm, e, carrying a minute mirror, /. This mirror is about a 
quarter of an inch in width, and of about tlie same apparent length, 
when seen fore-shortened from the slit. The mirror is fixed at a 
distance of 6 feet 6 inches within the principal focus, where the slit 
is placed. In the side of the tube opposite the face of the mirror is 
a small hole, through which the light from the collimator g passes on 
to the mirror. At the other end of the collimator, which has a length 
of about 7 inches, is a diaphragm with a small hole, before which 
the source of light, whether an induction spark, a vacuum-tube, or 

♦ ' Roy. Soo. Proe.,’ toI. 20, p. 382. 

Q 2 





204 Dr. and Mrs. Huggins. On the Principal 

burning magnesium, is placed. The lens at g is so placed as to bring 
tbe light approximately to focus at tbe place of the slit. 

It is obvious that with this arrangement an extremely small shift 
of the light before the hole h would be sufficient to cause the ray 
reflected from the mirror to go off the slit, and that the reflected light 
can pass into the slit only so long as its direction remains sensibly invari¬ 
able relatively to the optical axis of the telescope. It is also obvious 
that any flexure in the spectroscope, or in the tube connecting it to the 
telescope, would affect similarly the light from the nebula and from 
the magnesium. The precaution was taken, however, to so oiuent the 
spectroscope, that any flexure from the weight of the instrument 
would be in the direction of the length of the slit. 

The coincidence or otherwise of the direction of the light reflected 
from the little mirror with the optical axis of the telescope can be 
determined by comparing the spectrum of burning magnesium with h 
in the spectrum of the Moon, or in that of the light of the sky. As an 
additional safeguard in the comparison of the spectrum of the nebula 
with magnesium, since my early observations had shown the nebular 
line to be very slightly more refrangible, the mirror was purposely so 
adjusted that, though the lines of the burning magnesium were seen 
to fall upon the corresponding dark lines h in the Moon or sky, 
yet a careful observation would show a very minute overlapping 
of the bright lines towards the blue. This state of things would 
diminish a little the interval whisii should be seen between the 
nebular line, and the termination of the magnesium-flame band and 
so make the observation more difficult. It is evident that if under 
such circumstances of adjustment the nebular line were seen on the 
more refrangible side of the magnesia band, the observation, being a 
delicate one, would be more trustworthy, for in the case of coincidence 
with magnesium the line would appear towards the opposite and less 
refrangible side of the magnesia line, broadening the line towards the 
red {loc. cit, p. 49). 

The stability of this adjustment depends upon the rigidity of 
position of the little mirror within tbe telescope; as this weighs only 
a small fraction of an ounce, and is supported by a strong steel arm 
firmly attached by four screws to the steel tube of the telescope, there 
is an almost complete absence of any chance of its displacement. 
During twelve months not the smallest alteration has been detected, 
though very careful examinations have been frequently made. 

At the time the comparisons were made last year, namely, in 
March, the nebula was getting low, and from perhaps an excess of 
caution I described them as follows; “ Although I consider the 
results to be satisfactory, I prefer to say that I and Mrs. Huggins, 
independently, believed fully at the time that we saw the appearance 
which all former observations of the line led me to expect, namely, 
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the nebular line to fall within the termination of the magnesium 
band” {loG, cit,, p. 49). 

This year the position of the nebular line within the termination 
of the magnesia band has been confirmed by both of us independently 
on several nights. 

The more refrangible position of the nebular line relatively to the 
termination line of the MgO band has been ascertained not only by 
repeated comparisons of the two spectra by means of a suitably 
illuminated pointer, but also this year, as last year, by occasional 
moments of direct vision of the nebular line upon and within the 
magnesia band. It is only occasionally that the necessary relative 
brightness of the band can be secured, but such moments of direct 
vision of the two spectra are very trustworthy. 

On February 9th, Professor Liveing made some observations on 
the spectrum of the nebula, and I have his permission to quote from 
the notes which he entered at the time in my observatory book. * 
During the afternoon he examined the adjustments of the little 
mirror. His words are: “Observed in Dr. Huggins’ spectroscope 
attached to his telescope the Fraunhofer lines fe, as given by the 
clouds, and the bright lines of burning magnesium thrown in by 
reflexion. The solar spectrum was but faint, so that it was necessary 
to use rather a wide slit. I observed a close coincidence between the 
dark lines of the sky light and the bright lines of the burning mag¬ 
nesium ; the two overlapped, but the dark lines extended a very little 
on the less refrangible side, the brightest line a very little on the more 
refrangible side beyond the dark line.” 

In the evening he observed the jaebula, and recorded his observations 
in the following words:—“ OToServed the spectrum of the nebula in 
Orion, and compared the position of the least refrangible line with 
the magnesia fluting. The latter was thrown in by reflection from 
burning magnesium. I put the nebular line on the pointer first, and 
then from time to time the magnesium was burnt. I made quite sure 
that the edge of the magnesia fluting was less refrangible than the 
nebular line; repeated the observations several times. Tried to see 
both the nebular line and the fluting at the same time, but found it 
hard to see both at once, but I still came to the same conclusion, 
namely, that the edge of the fluting was less refrangible than the 
nebular line.” 

Afterwards, Professor Liveing observed the third line of the 
nebula, together with HyS from a vacuum-tube. He says :—“ Com¬ 
pared the position of the most refrangible of the nebular lines with 
the F line of hydrogen thrown in by reflexion from a vacuum-tube, 
the coincidence seemed perfect, the one line falling upon the other.”* 

* [On April 29, Professor Liveing was kind enough to go over again with us the 
arrangements for the comparison spectrum, and, in particular, to see if any error 
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We have since gone farther, and attempted a quantitative estima- 
tipn of the distance of the nebular line within the termination of the 
band. !Por this purpose we made use of the minute apparent breadth 
of the illuminated pointer-tip as a measuring unit. The value of 
this unit was determined by measuring with it the distance of from 

in the solar spectrum. 

Independent estimations made by both of us on several occasions 
agreed in assigning to this distance, after taking into account the 
minute displacement of the comparison-spectrum by the little mirror 
towards the blue, 

A wave-length of about. X 0001*5. 

Deducting this distance from \ 5006*5, the position of the termina¬ 
tion of the band, we get for the nebular line 

A position of about.. X 5005*0. 

At the time of these observations the earth’s motion caused the 
nebular line to be degraded towards the red by about X 0000*25. If, 
therefore, the Great JlTebula has no motion of its own, this interval 
must be deducted from the observed position of the nebular line. 

Placing it at about. X 5004*75. 

Tlie observations recorded in the paper of 1874* gave the pqsftibn 
of tlie nebular l.ine relatively to the fiducial lead line with an accuracy 
not less than X 0000*5. This relative position was translated into 
wave-len^hs in our paper on the Kebula (Zoc. cit,^ p. 45), showing 
that the nebular line lies from about X 5004*6 to about X 5004*8. 

The question whether this nebula has a motion in the line of sight 

could possibly arise from a change of position of the magnesium during its burning. 
After a detailed account of the experiments, he wrote in my note-book:—“ I could 
not detect any shift; and I came to the conclusion that there is no sensible shift 
due to moving the burning magnesium. I next compared the position of the lead 
line near the edge of the MgO band, as seen in the same spectroscope detached 
from the telescope, with the said edge of the band. Both could be seen at the 
same time, and the apparent distance between them was so great that even if there 
should he some shift of the lines from the method of throwing in the light when 
the spectroscope is attached to the telescope, I am satisfied that it could not amount 
to anything comparable with the distance between the lead line and the edge of the 
MgO fluting. So far as my memory will serve, the distarice from the edge of the 
HgO fluting at which the nebular line appeared when I observed it on February 9 
was not far short of the distance now observed between the lead line and the edge 
of the MgO fluting.”—July 4.] 

* * Eoy. Soc. Proc.,’ vol. 22,1874, p. 254. This paper claims for the determination 
of i^epqsition of this line in the case of seven nebul*e an accuracy sujOSciently great to 
shoT^ a motion of 25 miles per second. This motion corresponds to about \ 0000*67, 
but as some of the nebulse were more difficult to observe than the bright nebula in 
Orionj the accuracy of the determination of the line in this nebula may certainly be 
taken as not less than the amount given in the text, namely, A. 0000'5. 
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mrist be determined bj comparisons of tbe third line with, the corre¬ 
sponding bright line of a hydrogen vacnnm-tnbe. The observations 
I recorded in 1874, as well as those of Mr. Maunder, of Greenwich 
(Zoc. cZi, p. 60), “ show that the nebula has very little, if any, sensible 
motion in the line of sight.” 

The direct comparison was made on several nights with results 
similar to the observation that Professor Liveing recorded on 
February 9, namely, that “ the coincidence seemed perfect, the one 
line falling upon the other.” 

We have endeavoured to push this observation further, to determine 
if the coincidence was absolute, or whether there was a very minute 
overlapping of the edges of the two lines. The adjustment of the 
apparatus would throw the hydrogen line, to a very minute extent, 
towards the blue, at the same time that the earth’s motion would 
degrade the nebular line from the hydrogen line towards the red. 

The faintness of the third line with a narrow slit does not permit us 
to speak with absolute certainty as to the extent which the hydrogen 
seemed to overlap the nebular line towards the blue. 

We were quite certain that the hydrogen line did overlap the 
nebula slightly towards the blue, bub we were unable to determine 
whether the overlapping corresponded accurately to the earth’s 
motion at the time of observation. It appeared to do so approxi¬ 
mately, which would support my former conclusion, that the “ nebula 
has very little, if any, sensible motion in the line of sight.” 


Pab'c II. 

On the Character of the Frincipal Line in the Spectrwm of the Nebula 

in Orion. 

In our paper last year (Zoo. cit., p. 53) I stated that ** my own obser¬ 
vations of this line, since my discovery of it in 1864 .show 

the line to become narrow as the slit is made narrow, and to be 
sharply and perfectly defined at both edges.” We gave also the cor¬ 
roborative evidence of two accurate observers who have made a 
special study of the spectrum of the gaseous nebulse, Professor Yogel 
and Dr. Copeland. 

Since last year the defining power of the spectroscopes has been 
improved by two new object-glasses by Sir Howard Grubb. The 
nebular line has been subjected on several nights to a very searchii^ 
examination with diflTerent widths of slit; and with different magni¬ 
fying powers on two spectroscopes—the one with a single prism of 
60®, the other, the “four-prism” spectroscope (Zoc. aZ., p 49). 

We came to the conclusion that a marked feature of this line is its 
sharply-defined character on the more refrangible side; we were 
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unable, under any of the conditions of observing, to detect even a 
suspicion of any softening of tbe more refrangible edge of the line, 
much less the faintest indication of a “ flare,and certainly not the 
distinctive peculiarity of a ** fluting.” 

In the case of observations with small dispersion, the eye is helped 
by placing the second line, which then appears near the first, behind 
a bar fixed in the eye-piece* 

Observations of the nebula in Orion by eye, as well as the photo¬ 
graphs of Mr. Common and of Mr. Roberts, show numerous small 
irregularities in the brightness of the nebula, which give rise to a 
closely-mottled appearance. As the length of the slit takes in a con¬ 
siderable angular extent of nebula, several of these irregularities of 
brightness or ‘‘mottlings” are usually included within it, giving to 
the nebular lines an irregularly bright or blotchy appearance. As the 
nebula is allowed to pass over the slit this blotchy appearance is seen 
to vary in the size and in the number of the brighter patches, and also in 
their brightness relatively to the less luminous spaces between them. 
At the first glance, in some positions of the slit upon the nebula, the 
lines, and especially the principal line as the brightest, appear almost 
as if serrated at the edges. A little attention soon shows that this is a 
purely physiological effect due to the greater brightness of the patches, 
and that the brighter parts of the line do not really project beyond the 
less brilliant intervals between them. One marked character of this 
phenomenon is that both edges of the lines appear equally serrated, 
and that there is no indication of a spreading of the brighter patches 
towards the blue only. It is easily ascertained that this more or less 
patchy condition is not peculiar to the principal line, for precisely the 
same patches can be detected in the other two lines, and the patches 
can be seen to correspond in number and in position within the 
lines. 

These observations, repeated on several nights, have left no doubt 
in our minds that the principal line is certainly as sharp and as 
bright on the side towards the blue as on the less refrangible side. 

On February 9, Professor Liveing scrutinised the character of this 
line. His words are:—“ Observed the nebular line with various 
widths of slit. The line always appeared sharply defined on tbe 
more refrangible side, whether the slit were wide or narrow. On 
gradually closing the slit, the line fined down to a very fine line. 
The same appearance as to sharpness on the more refrangible side 
was observable with a spectroscope of less dispersive power and with 
eye-pieces of low power as with the higher dispersion and greater 
magnification.” 

The observations recorded in this paper appear to us to show con¬ 
clusively :— 
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(1.) That the principal line is not coincident with, but falls within, 
the termination of the magnesium-flame band.'* * * § ' 

(2.) That in the nebula of Orion this line presents no appearance 
of being a ‘‘ fluting. 

It is scai'oelj needful to say that, in the face of the observations 
recorded in this paper, we are not able to accept the conclusions 
arrived at by Professor Lockyer in his recent communicationsf to the 
Koyal Society. From them it would appear that Professor Lockyer 
confirms my statement made in 1874,J that the second line “ is 
sensibly coincident with an iron wave-length 4957 ’’ (Thal4n, \ 4956*8 ; 
Liveing and Dewar, X 4956*9); and also that Professor Lockyer’s 
photographs confirm my photographs of 1882, 1888, and 1889, in that 
it is a single strong line, and not a triplet, which appears in the ultra¬ 
violet region, and that this strong line is more refrangible than the 
first component of the magnesic oxide triplet. § 


Addendiim. Received Jime 6, 1890. 

1. Addendum on the Position of the Line, 

One of the planetary nebulae, in the spectra of which I found in 
my earlier comparisons with leadjl in 1874, that the principal line had 
sensibly the same position as the corresponding line in the nebula of 
Orion was 2. 5 (G-. 0. 4234). We have now compared again the 
principal line in this nebula with the lead line X 5004*5 with the same 
spectroscope (spectroscope B, 3rd eye-piece) and an arrangement for 

* [Even if the nebular line appeared to be sensibly coincident under the amount 
of dispersion which can be brought to bear upon the nebulae, for reasons stated in 
our paper of last year {loc. cit^ p. 55, foot-note), the evidence would be strongly in 
favour of the view that the coincidence was apparent only,and against the assump¬ 
tion that the nebular line was to be regarded as the “ remnant ” of the magnesium- 
flame band. We did not, however, give sufScient prominence to the fact of the 
great brilliancy of the line in many nebulse, without the faintest traces of the 
second and third flutings. The relative intensities of the brightest ends of these 
flutings are 

Ist fluting . 8 

2nd „ .. .. .. 7 

Si^d * „ ... .. 5 

(Watts, * Index of Spectra,’ p. 175). However, the position of the nebular line at a 
measurable distance from the terminal line of the magnesium-flame hand towards 
the blue makes such considerations superfluous, and disposes finally of the assertion 
that the nebular line is the ‘‘remnant” of the magnesium fluting.—July 4,] 
t ‘ Roy. Soc. Troc.,’ vol. 47, p. 129 and p. 189, &o. 
t ' Roy. Soc. Proc.,’ vol. 22, p. 252. 

§ ‘ Boy. Soc. Proc.,’ vol. 46, p. 54. 

11 ‘ Roy. Soc. Proovol. 22,1874, p. 254. 
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the comparison spectrum similar to that described in the first part of 
this paper, but in which the small mirror has been replaced by a very 
small total reflecting prism. The correctness of position of the 
comparison spectrum was ascertained by repeated comparisons of the 
bright lines of magnesium at h with the corresponding dark lines in 
the Sun’s light reflected from the sky. 

When in this - spectroscope the spectrum of lead is observed 
together with that of burning magnesium, the lead line is seen to fall 
well within, and to be separated by a clear space from, the terminal 
line of the magnesium-flame fluting. 

The principal line of S. 5, like that of the nebula of Orion, appears 
when the slit is made narrow to be very thin and clearly defined at 
both edges. The lead line is a thin and defined line; if, therefore, 
the nebular line were coincident with the terminal line of the 
magnesium-flame fluting, it would appear in the spectroscope to be 
separated by a clear space from the lead line towards the red. As 
the angular diameter of the nebula is small, the line is much shorter 
than the lead line—not longer than about one-third of the height of 
the spectrum, and consequently its position relatively to the lead line, 
even when it falls partly upon it, can be very accurately determined. 

The nebular line wap seen as a short thin bright line partly upon, 
and partly clinging to, the lead line. The nebular line in bur 
instrument certainly fell upon the lead line, but overlapped it a very 
little, though not so much as by half its breadth, on the less 
refrangible side. This position agrees precisely with that described 
in my early observations made nearly twenty years ago, when I 
employed for the first time lead as a fiducial comparison line.* As I 
stated in 1874,f “if greater prism power could be brought to bear 
upon the nebulae, the line in the lead spectrum would be found to be 
in a small degree more refrangible than the line in the nebula;” and, 
of course, if sufficient power of dispersion were employed, the 
nebular line would be seen separated from the lead line towards the 
red, and not, as in our instrument, partly upon the lead line. 

These observations, both those by myself in 1874 and the recent 
observations made by both of us independently on four different 
nights, place the nebular line exactly where it was ound to he by onr 
direct comparisons with burning magnesium in the nebula of 
Orion (which were confirmed by Professor Liveing), namely, as not 
coincident with, but as falling well within, the terminal line of 
the magnesium-flame spectrum. 

It should be stated that on two nights we made comparisons of 
2. 5 with burning magnesium, both directly, and indirectly by means 
of tbe illuminated pointer. The observations completely confirmed 

^ ‘ Tloy, Soc. Proc.,* vol. 22, p. 252. 

t Hid, 
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the results of tHe lead comparisons, wliich. were, however, more 
easily made, as it is difGlcult to see the exact position of the short 
nebular line when it is upon the bright fluting.* 

2. Addendum on the Character of the Line, 

I am permitted by IJr. Copeland, Professor Young, and Mr. Keeler, 
of the Lick Observatory, to quote the following' observations, which 
they have been so kind as to make at my request, of the character of 
the principal line in the spectrum of the Grreat Nebula in Orion. 

Dr. Copeland writes, dated March 26, 1890: “I find it difficult to 
make anything satisfactory of nebular spectra with my present 

apparatus, working in the smoke of Edinburgh.On the 14th 

I saw the three lines as well as I am likely to see them until we get 
to work at the new observatory. All the lines were just as Ifead as 
the slit; when the slit was wide open they were broad, anS’^h^ 
the slit was closed slowly they gradually became narrower an‘d 
narrower.*’ 

Professor Young, writing on March 21,1890, says: “ I have not 
been able this winter to try the observations for w^ave-length, having 
no convenience for the comparison spectrum, but I have carefully 
examined the spectrum of the nebula of Orion, both with a heavy 
glass prism, and with a grating of 14,000 to the inch, and a collimator 
of 16 inches focus. With the prism the brightest nebular line seemed 
absolutely sharp, and cleanly defined on both sides; with the grating 
the line was fainter, and I could not use so narrow a slit, the dispersion 
was much higher also; the line therefore was a little hazy, hut equally 
so on both sides 

At the Lick Observatory there was a continuance of bad weather 
during the early months of the year, but Mr. Keeler, with Dr. 
Holden’s kind permission, observed the nebula on two nights. He 
observed successively with one prism, a powerful compound prism, 
and then with a Howland grating, 14,000 + lines to the inch. With 
this grating, the collimator was 20 inches in length, the observing 
telescope 10^ inches, with an eye-piece magnifying 13*3 times. The 
slit was narrow, 0*0025 inch. The spectra up to the fourth order 
were employed. 

Mr. Keeler says: “ One thing that struck me particularly, and 
that there could be no doubt of, was the perfect sharpness and 

* [On one night, as had been frequently done when we were observing the nebula 
in Orion, after the comparison of the nebula with lead and magnesium had been 
made, the spectroscope was left attached to the telescope in order that we might 
verify the correctness of position of the comparison spectrum by means of the light 
of sky on the following day, without any change whatever having taken place in the 
adjustments of the instrument. The result of this verification was, as always when 
working on Orion, absolutely satisfactory.—July 4.] 
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fineness of the nebular lines under the very considerable dispersion 
used. There is not the least doubt in my mind that they are all of 
gaseous origin—not ‘ remnants of fiutings.’ ” 

[The observations with large dispersion by Professor Tonne' and 
espeoiahy those of Mr. Keeler, after observing with one prism? and 
then with a compound prism, that the line remained sharp even when 
examined in the 4th spectrum of a; grating 14,000 + to the inch 
are of great value in regard to Mr. Mannder’s observations. It was 

of 80 from A to H, equal to about sixteen prisms of CO", that 
he obse^ed the nebular line to be otherwise than sharp and de¬ 
nned. On this unique occasion he says: “The three lines were 
seen as narrow bright lines, but none of them were perfectly sharp • 
e^h showed a slight raggedness at both edges, but in the case of 
he line near X 5005 it was clear that this frii^e or raggedness was 
more developed towards the blue.” Mr. Maunder significantly adds: 
In the case of the other two lines they were not bright enough for 

or not ^ ascertain whether the fringes were symmetrical 

or not. The new observations at Princeton and at the Lick Ob- 

T. Zr liad 

hiv? raggedness about them would 

have been found to be equaUy unsymmetrical, and that the want of 

ymm^try affected aU three lines, and was probably instrumental— 


Second Addendum. Received July 4. 

On the. Fodtion of the Lim. 

On account of the unusual weather at the Lick Observatory durin<^ 
e early part of this year. Dr. Holden informs me that “The ob^ 

amazingly small.” Por this reason, 
although, in addition to the observations on the character of the chief 
line in the nebula of Orion, measurements of its position were 
attempted on two nights, the interruption from clouds was so constant 
that they could not be satisfactorily completed. 

Under these circumstances, I asked Dr. Holden to have the kind- 
ness to telepph to me if Mr. Keeler should be able to confirm the 

^th?ne°bui?2T ^ tlie magnesium-flame fluting 

SwiT '• “ 

^ -i^ted June 14th, 

1890, in which he says :-“Last night I compared the brightest line 

• ‘Monthly Notices, E. A. S.,’ voL 49, 1889, p. 308. 
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in tlie spectrum of 2. 5 with the magnesium fluting of nearly the 
same wave-length, and I am glad to say that my ohservations were 
in accordance with your own.” . . . . “ On comparing the 

brightest line with the magnesium fluting, both directly and by aid 
of the micrometer wire, the line was seen to be well within the 
limits of the fluting, and separated by a small but unmistakable 
interval from its bright lower Idge. The appearance was the same 
on both sides of the grating, and in the 3rd and 4th spectra. The 
comparison apparatus was carefully adjusted, and no shifting of the 
line was caused by changing the position of the spark. The edge 
of the fluting could not be brought into coincidence with the nebular 
line. No measurement of the difference of wave-length was made, 
as my attention was directed to the main fact of the non-coincidence 
of the line in all positions of the instrument. I will make such 
measures as soon as possible.” 


Note on the Photographic Specti'iitn of the Great Nebula in 
Orion,” By William Huggins, D.C.L., LL.D., F.K.S., and 
Mrs. Huggins. Keceived April 16,—Read June 12, 1890. 

From an examination of the photographs of the spectrum of the 
nebula in Orion taken by us in 1882, 1888, and 1889, we suggested 
in our paper ‘‘ On the Spectrum, Visible and Photographic, of the 
Great Nebula in Orion,”* “*that the mottled and broken-up character 
of the nebular matter shown in Lord Rosse’s drawings from eye- 
observations, and much more strikingly brought out in the recent 
photographs of Mr. Common and of Mr. Roberts, may be connected 
with differences of spectrum in the photographic region, though in 
the visible region there is no known alteration of the spectrum of the 
four bright lines, except it may be some small differences of relative 
brilliancy of the lines. Until next winter*we cannot go beyond the 
new information which these photographs give to us.” 

Unfortunately, the necessity thrown upon us of making a laborious 
redetermination of the position and character of the principal line in 
the visible spectrum,f which has confirmed in every point the results 
contained in our paper of last year (loo, cit,)^ has deprived us of the 
more favourable opportunities during the past season of carrying out 
our intention of photographing the spectra of different parts of the 
nebula. 

We have obtained two photographs only, one taken on March 14th 
and 15th, and the other on March 17th; but these suggest how much 

* * Eoy. Soo. Proc.,’ vol. 46, p. 42. 
t ‘ Eoy. Soo. Proo.,’ vol. 47, pp. 129 and 189, &c. 
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infonnation a spectroscopic examination by photography of the nebula 
in detail would probably give to us. 

These photographs, taken of almost the same part of the nebula as 
the photograph of 1889, showed, to our surprise, the lines of hydrogen 
at h and at H strongly impressed upon the plate, though these lines 
.were carefully searched for in vain in our former photographs; in 
them no trace of these lines could be.detected, but the line near G- was 
strong, and there was present a large number of faint lines, of 
about thirty of which the approximate measures were given in our 
paper. 

The new photographs show not only the lines of hydrogen at h 
and H, but also the first two lines of the ultra-violet series in the 
white stars which I described in 1879.* Pour of these lines had 
been photographed in the spectrum of hydrogen by Dr. H. W. Vogel, 
iu 1879, and tbe entire series, with the exception of one, has been 
since obtained by Cornu in exceptionally pure hydrogen.f 

The line « at \ 3887*8 is strong, and the next line ^ at X3834*t5, 
though much fainter, is certainly present. There is evidence of light- 
action on the plate at the position of the line 7 which we believe to 
be present; and we suspect, from traces of photograpbip action, that 
one or more of the other lines of the white star series might have 
come out with a longer exposure. ' o 

It is not necessary to point put in the present note the importance 
of the presence of these more refrangible lines of hydrogen in 
respect of the view we have to take of the condition of things in the 
nebula. Jn this connexion it is significant that the hydrogen lines 
are sensibly stronger and broader on the plate as the Trapezium with 
its stars is approached. 

Between the hydrogen lines a and /S there is a line stronger even 
than a, which has a wave-length of about \ 3868. 

We do not find any line in tbe photograph exactly at the place of 
the solar line K ; the position of this line appears to correspond to a 
gap between two lines on the plate. We suspect the broad line on 
the less refrangible side of the place of K would probably be resolved 
by a narrower slit into two or more lines. 

The strong line which was first seen in onr photograph of the 
nebula taken in 1882 is certainly stronger than H 7 , and is by far the 
most powerful line in the photographic region. On account of the 
wide slit employed in my original photograph, I put the liue at 
.about X 3730; from measures of the line in a photograph taken in 
1889, with a narrower slit, we found that its position was more re¬ 
frangible, and we gave the approximate wave-length “ about X 3724/* 
There, was necessarily some difficulty in determining its position 

* ‘Phn. Trans./ 1880, p. 669. 
t ‘ Journal d© Physique,* 2nd ser., vol. 5, Aug., 1886. 
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exactly on account of the small scale on which, from the faintness 
of the light of the nebula, it is desirable with the telescope at our 
disposal to take the photographs, and also because in the nebular 
spectrum itself we had no fiducial line nearer than H 7 . In the photo¬ 
graphs taken this y^ar we have the advantage of the known position 
of the hydrogen line at H, and with the help of this line our recent 
measures show that the “ about ’’ must be interpreted as slightly less 
refrangible than \ 3724. Without attempting to fix its position abso¬ 
lutely, we believe that the line will be found to fall between \ 3725 
and X. 3-726. It is not needful to point but that measures of these 
little photographs cannot compare in accuracy with direct com¬ 
parisons with considerable dispersion, as in the case of our observations 
of the chief line of the nebula by eye. It is, however, now certain 
that the line does not coincide with any one of the three components 
of the magnesic oxide triplet, but is less refrangible than the middle 
line at X 3724, and falls between this line and the first line of the 
triplet at X 3730. 

In these photographs there is a strong line, besides many faint lines, 
on the less refrangible side of Gr. 

The background of the spectrum is seen to contain numerous faint 
lines, which, as far as we have been able to identify them, are the 
same as those seen in our earlier photographs, of some of which ap¬ 
proximate measures were given in our paper, but they are, possibly on 
account of a slightly wider slit, not so easily measured as they were 
in the former photographs, in which no traces of the hydrogen lines at 
% and at H could be detected, 

A marked feature of the lines consists of their abruptly different 
intensities at different parts of their length, giving the blotchy appear- 
.^nce which is characteristic of the lines in the visible spectrum, and 
.^hich. we have described in our recent paper “ On a Eedetermination of 
the Position and Character of the Principal I^ine in the Spectrum of 
the jS'ebula in Orion.’’ The length of the slit takes in a large angular 
^xtent of the nebula, and, therefore, usually includes within it one or 
more of the brighter ‘‘ mottlings ” which are so well shown in photo¬ 
graphs of the nebula. It is to be remarked that these brighter 
blotches are sharply bounded, showing that the different parts of the 
nebula are to some extent distinct and often become suddenly brighter 
than the neighbouring parts. 

The lines of the new photographs contain two very strong and 
abruptly-bounded blotches, and a third one less marked. 

These brighter blotches, corresponding to different conditions of 
closely-adjacent nebular matter, give an explanation of an appearance 
which we recorded last year in speaking of the strong line “ about 
X 3724.” “ On one.side of the star-spectra this line is a little broader 

than on the other side j but, as a similar appearance is presented by 
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H 7 aud tlie stronger lines of tKe group, it may arise from some optical 
or photographic cause.’’* 

We now learn that this difBerence between two parts of the lines 
indicates probably a different condition of the nebula on the two 
sid^s of the star-spectra. 

Other lines besides those described in this note are present, not only 
between Gr and F, but also on the more refrangible side of the strong 
line about X 3725. 

The importance of the new points* which have come out from these 
photographs makes us regret that we must postpone a fuller examina¬ 
tion and discussion of the spectrum of different parts of the nebula 
until its return next year. 


On a new Group of Lines in the Photographic Spectrum of 
Sirius.” By William Hugoins, D.C.L., LL.D., F.R.S., and 
Mrs, Huggins. Received April 25,—^Read June 12, 1890. 

In 1879,1 1 gave an account of a series of broad lines in the photo¬ 
graphic region ^f the spectrum which was found to be characteristic 
of Sirius, Vega, and other white stars, and which was identified as a 
continuation of the spectrum of hydrogen beyond H.f In the photo¬ 
graphs of Sirius which I had taken up to that time, I was not able to 
be certain if the two most refrangible of the lines, B and i, were 
present. This uncertainty has been set at rest by photographs taken 
since, in which the complete series of the hydrogen lines, including 
B and come out with great distinctness. 

I have long suspected the presence of another group of broad lines 
some distance further on in the ultra-violet region, but until this year 
we have not been able to see them in the photographs with sufficient 
distinctness to be able to make even roughly, approximate measures 
of their positions. 

On April 4th, a photograph of the spectrum of Sirius was taken 
with a long exposure, the slit being made very narrow, in the hope of 
bringing out this new group of lines with greater distinctness. This 
plate shows, on examination, that the spectrum of Sirius, after the 
termination of the hydrogen series, remains, as far as we can see at 
present, free from any strong lines until a position as far in the ultra¬ 
violet as about X 8338 is reached, at which place appears the first of 
a group of at least six lines, all nearly as broad as those of the hydro¬ 
gen series. The third line of the group about X 3278 appears to be 

* * Foy. Soo. Proc.,’ vol. 46, p. 54. 

t * Phil. Trans.,’ 1880, p. 669. 

J H. W. Vogel, * Berlin, Akad. Monatsher.,’ 1879, July 10 j and Comu, * Journal 
de Physique,* 2nd ser., vol. 5, 18S6, p. 100. 
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the bioadest, but they are all broad, though even in this photograph 
they are not seen with the distinctness which is necessary for ascer¬ 
taining accurately their relative character. 

The sixth line occurs where the spectrum is faint, almost at the 
limit of this photograph, which was taken when Sirius was some 
distance past the meridian, and we are not able to find out whether 
this line completes the group, or whether there may not be other 
lines still more refrangible belonging to it. We expect to be able to 
determine this point, namely, whether the group ends with the sixth 
line, when the opportunity comes round of being able to photograph 
the star when it is near the meridian. 

The new group of six lines is well seen when the photograph is ex¬ 
amined with a lens, but when the plate is placed under the measuring 
microscope it is only with some difficulty that the lines can be ob¬ 
served with the distinctness which is necessary for measuring them 
with a fair approach to accuracy. 

For this reason, the wave-lengths given below must be regarded as 
only preliminary, and but roughly approximate measures of the: 
positions of the new lines., 


1 st Line. 

. X 3338 

2 nd . 

. \ 3311 


3rd „ . X3278 


5 th ,, .. 


.. X 3226 

6 th „ .. 

. . ^ ^ 

.. X 3199 


On the Spectra of Comet a 1890 and the Nebula G.C. 4058.’^ 
By J. Norman Lookyer, F.R.S. Received and Read 
June 12, 1890. 

The comet discovered by Mr. Brooks on the 19th of March (a, 1890) 
has recently been observed at Kensington with the view of testing 
the sequence of spectra which resulted from my discussion of all the 
spectroscopic observations of comets which had been made up to the 
end of 1888.’’*' The orbit, however, is such that the comet has only 
passed through a small range of temperature, and no changes have 
been observed in its spectrum beyond the gradually increasing 
brilliancy of the carbon bands relatively to the continuous spectrum. 
As I pointed out in the paper i^eferred to, the citron band should be 
most variable, for the reason that the brightest flutings in the spectra 
of manganese and lead fall near it; but, although this band has been 
carefully observed on every occasion, it has retained the same wave- 
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length, and was found by direct comparisons to be coincident with 
the carbon band near X 564. From this point of view, therefore, the 
observations have not supplied us with any new facts, and, as the 
comet is calculated to have passed perihelion on June 3, it is not 
likely that any phenomena will be seen beyond the usual diminution 
in brightness of the carbon flutings. 

The observations which have been made, however, showed such 
a striking similarity between the spectrum of the comet and that of 
the Isfebula in Andromeda that advantage was taken of its presence 
to compare its spectrum with that of an adjacent nebula, Q*. 0. 4058 
(R. A. 15 h. 3 m. 24 s., Deck + 56° 11'), which closely resembles the 
Andromeda Nebula. * 

In my paper of January, 1889 (p. 216), I referred to some observa¬ 
tions of the spectrum of the Nebula in Andromeda which were 
suggested by the discussion of cometary spectra. These observations 
showed that the spectrum of the Nebula was really a cometary one ; 
that is to say, that it consisted of the chief bands of carbon, with 
a slight modification of the citron band. This result was first ob¬ 
tained by Mr. Fowler in November, 1888, and was subsequently 
confirmed by Mr. Taylor. The bright bands are superposed on a 
continuous spectrum which is not much fainter, and they had conse¬ 
quently escaped observation until specially looked for. The other 
nebula with which a comparison has been made is comparatively 
near to the comet, and, as its spectrum strongly resembles that of the 
Nebula in Andromeda, it affords a good opportunity for observing the 
similarity. 

The following extracts from the Observatory note-book will show 
how close the resemblance is, and I communicate this note to the 
Society in order that anyone possessing a telescope with an apertui'e 
of 10 inches or more may see for himself while the comet is with us 
that we are dealing with the radiation of carbon vapour in one case 
as well as in the other: — 

May 21.—The comet was something like the Nebula in Andromeda 
in general appearance, with the exception of the elongation. It was 
whitish and round, but brightened in the middle to an ill-defined 
nucleus. No further structui-e could be seen. With the direct- 
vision spectroscope, a moderately bright continuous spectrum was 
visible, with bright flutings superposed. The fiutings extended from 
the nucleus to the boundaries of the comet, but they were very faint, 
except in the nucleus itself, and there they were not very clearly 
defined on account of the continuous spectrum. Made several direct 
comparisons with the blue base of a spirit-lamp flame by means of the 
microscopic glass reflector in front of the slit. The three flutings in 
the spectrum of the comet were quite coincident with those in the 
flame. The fluting near X 517 was much brighter than the other two, 
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■and tlie bine band was brigliter than the citron. The latter was the 
most difficult to measure. The hydrocarbon band near X 431 was 
not visible. The continuous spectrum extended from about D to a 
little beyond X 474. 

May 22.—^Nucleus of comet not nearly so central .as last night, 
formation of tail apparently commencing. No very obvious change 
in the spectrum. The fluting at 517 was possibly a little brighter, 
but there was no change in the citron fluting. The flutings still 
extended over the whole comet. Still a fair amount of continuous 
spectrum, to a large extent masking the carbon flutings. 

May 23.—Porm and spectrum of comet not distinguishable from 
last night. The nucleus is possibly still less central. 

May 27.—The appearance and spectrum of the comet were precisely 
the same as on May 23. It seemed a little fainter, but this was 
probably due to moonlight and a slight haze. 

June 6.—The comet was much brighter than on previous occasions. 
'The tail was longer and was turned from the Sun. There was less 
•continuous spectrum than before, so that the bright flutings were 
more distinct, and a narrower slit could be used for comparisons. 
The coincidences with the carbon flutings were still quite perfect 
with the dispersion employed. There was no shift in the citron 
band. 

June 9.—The comet did not appear any fainter, notwithstanding 
the published ephemeris. There was still less continuous spectrum 
than on June 6. The 517 fluting now very clearly seen. No change 
in the positions of the bands. 

G. G. 4058.—This is a white nebula in Draco, apparently some¬ 
what similar to the Andromeda Nebula. The spectrum, according to 
Dr. Huggins, is continuous. The observations showed the spectrum 
to be irregularly continuous, and remarkably similar in appearance to 
the spectrum of Comet Brooks. The brightest part was found by 
^direct comparison to be coincident with the carbon fluting X 517. 
No deflnite measures were made of any other brightnesses, but 517 
is certainly present, and is not much less distinct than in the 
spectrum of the comet. The fluting appeared relatively a little 
brighter than in the Andromeda Nebula. The length of continuous 
spectrum was about equal to that of the comet. 

All the observations were made with the 10-inch refractor by 
Mr. Bowler. The similarity of the spectra of the comet and the 
nebula on June 9 was confirmed by Mr. Baxandall. 

The observations emphasise what I pointed out to the Society two 
years ago, namely, that the spectra of nebulas and comets are similar 
both at aphelion and during the approach to perihelion. The facts 
being so, we are justified in considering, therefore, that nebulas which 
present to us a carbon spectrum are more condensed than those which 

B 2 
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show the line at X 500 first observed in a comet by Dr. Huggins in 
the year 1866. It remains for those who hold that the physical 
structure and temperature of comets and nebulse are not similar in 
each case to explain the phenomena observed in a more simple and 
sufficient way. 


June 19,1890. 

Mr. JOHN EVANS, D.O.L., LL.D., Treasurer, in the Chair. 

The Eev. J. Herr, Prof. W. H. Perkin, jun., Mr. D. Sharp, and 
Mr. W. P. E. Weldon were admitted into the Society. 

The Presents received were laid on the table, and thanks ordered for 
them. 

The following Papers were read:— 

I. the Determination of some Boiling and Freezing 

Points by means of the Platinum Thermometer.” By 
E. H. Gbiffiths, M.A., Sidney Snssex College, Cambridge. 
Communicated by E. T. Glazebrook, F.R.S. Eeceived 
May 27, 1890. 

(Abstract.) 

The paper contains an account of experiments made with a view 
of— 

(I.) Comparing the closeness of agreement between the readings 
ot platinum thermometers made from different samples of wire 
arranged in different manners and insulated by different materials. 

(II.) Ascertaining some accurate method of graduating such ther¬ 
mometers without the direct use of the air thermometer. 

(HI.) The determination of certain boiling and freezing points. 

Eight thermometers were constructed. The resistance of tfie 
platinum coils used varied from about 4 to 50 ohms. Full particulars 
of these thermometers are given in the paper. 

The insulating substance in thermometers A, B, C, D was glass 
only; but the internal arrangements were different, as also were the 
samples of platinum wire used in their construction. 

The form finally adopted (that of E, F, G) was as follows:—A 
coil of fine platinum wire was wound on a roll of asbestos paper and 
slipped into a thin hard-glass tube. Thick platinum wires ran from 
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tliis coil to the top of the instrument, and the unimmersed portion of 
the stem was surrounded hy the outer tube of a condenser, and 
kept at a constant temperature by a flow of tap-water. The resist¬ 
ance of this stem was so small that the change in resistance caused 
by the changes in the temperature of the tap-water might be 
neglected. 

The diameter of these thermometers was less than - 3 ^ of an inch, 
and their length about 18 inches. They were extremely sensitive, 
and could therefore be used to trace the rise in temperature due to 
suffusion, the freezing points of the metals experimented upon being 
determined by the limit of this rise. 

These thermometers were graduated by the temperature of the 
boiling points of water, naphthalene, benzophenone, and sulphur, and 
the freezing point of water. 

The values obtained by Crafts Paris, Soc. Ohim. Bull.,’ vol. 39) 
were used in the case of naphthalene and benzophenone, and 
Begnault’s value of the boiling point of sulphur.’* The purity of 
the samples was ascertained by fractional distillation and by the 
temperature of the melting points. The selection of these tempera¬ 
tures was forced upon me by the results of my experiments, and the 
reasons for their adoption are fully given in the paper. 

The results were plotted in the manner suggested by Oallendar 
(‘ Phil. Trans.,’ A, 1887), and on a scale such that a difference of 
0 * 02 ® could be read with certainty. 

The curves thus obtained differed considerably from each other 
and from the curve given by Callendar.t However, intermediate 
temperatures deduced from these curves showed remarkably close 
agreement. 

In no case (the total number of experiments exceeds 300) is the 
divergence of any one experiment from the mean value obtained 
from all the thermometers as great as 0 * 2 °, and if only the results ob- 
t£dned from thermometers B, B, and Q- be taken, the divergence is in 
no case as great as 0*05°. 

The chief difficulties which presented themselves were— 

(a.) Variations in the resistance of the connexions between the 
thermometer coil and the resistance coils. 

( 6 .) Variations in the temperature of the resistance coils them¬ 
selves. 

(c.) The rise in temperature of the thermometer coil due to the 
current used when measuring its resistance. 

* Boiling point of naphthalene (760 ni.in.) = 

„ benzophenone „ = 306®'08. 

„ sulphur „ 448°*34 

t A discussion of the probable cause of these diTcrgences is given in an appendix 
to the paper. 
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In no case ’wooldtlie divergence shown in Column V affect the fourth, figure in Column VI, 
^ Tht> temperatures in Column VI are expressed in terms of the air thermometer. 
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(i?-.) Tlie presence of currents due to thermal effects. 

(eJ) Superheating during distillation, and radiation from the source 
of heat to the thermometer. 

(/.) The changes in boiling points due to changes in the baro¬ 
meter. 

(^.) Oxidation of the metals when fluid. 

For an account of the manner in which these difficulties were over¬ 
come, and of the further precautions taken to secure accuracy, refer¬ 
ence must be made to the paper. 

The boiling points of the following substances were determined:— 
Aniline, methyl salicylate, triphenylmethane, and mercury; and the 
freezing points of tin, bismuth, cadmium, lead, and zinc.§ Every 
endeavour was made to secure pure specimens of these bodies. 

Full particulars of the individual experiments are given in the 
tables attached to the paper, and the results are summarised in the 
accompanying tables. 

In Table I, I give certain boiling points as determined by means of 
thermometers A, B, 0, D, and E I have thought it unnecessaiy to 
give details in Table I, since the forms of thermometers used therein 
were ultimately discarded in favour of the form adopted in E, F, and 
G-. The mean results, however, are in close agreement with those 
given in Table II (see pp. 222—22»H). 

Table I. 


Thermometers used. 

A. 

B. 

0 . 

B. 

E*. 

Mean. 

B. p. of aniline (760 mm.) 

„ methyl salicylate „* 

„ mercury „ 

184*32 
223 *08 
357 *61 

184-27 
223 •J2' 
367-69 

184*29 
223 *16 
367*65 

184-21 

1357-54 

184*24 

184*27 
223 •1’2 
357 *60 


In Table II, I give the results obtained from thermometers B, F, 
and G, together with the extreme departure of any single determina¬ 
tion from the mean. 

In case the values of the fixed points assumed when graduating 
these thermometers are hereafter found to be inaccurate, sufficient 
data are given in the tables attached to the paper for the correction 
of the temperatures given in column VI. 

The results given bear out the following conclusions:— 

L That although the curves of platinum temperature obtained 

§ The apparatus used for melting these metals, and for stirring them when 
cooling, was tindly placed at my disposal by Messrs. Neville and Heyeock, and is 
described by them in their paper on the Melting Point of Alloys (‘ Journal of the 
Chemical Society,* May, 1890). 
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from different thermometers vary considerably, intermediate tempera¬ 
tures deduced from these curves are in practical agreement. 

II. That thermometers made and graduated as described may be 
used for the accurate determination of temperatures up to about 
500 ** 0 . 


IL “ On the alleged Slipping at the Boundary of a Liquid in 
Motion.” By W. C. Dampier Whetham, B.A., Coutts 
Trotter Student of Trinity College, Cambridge. Commu¬ 
nicated by J. J. Thomson, M.A., F.E..S., Cavendish Pro¬ 
fessor of Experimental Physics, Cambridge. Received 
June 7, 1890. 

(Abstract.) 

The experiments of Helmholtz and Fio-trowski* on the oscillations 
of a metal sphere suspended bifilarly, and filled with various liquids, 
gave finite values to the slipping coefficients. The inside of the sphere 
was gilded and polished, and the value obtained for the coefficient X 
was, in the case of distilled water, 2*3534 mm. From some experi¬ 
ments of Girardt on transpiration through copper tubes, Helmholtz 
deduces the value X = 0*3984 mm. for water flowing past a copper 
surface. 

In treatises on hydrodynamics, it is shown that when the motion 
through a tube is hnear, the flux is 

1 Pi—Pa . 1 

^ Pfc I fi I ' 

or 

In Helmholtz’s notation this becomes (/> being taken as unity) 

{^+4Xr’}. 

Putting r = 0*05 and X = 0*23534, we get 

^ X 117-65'X 10-8; 

flv 

whereas if there is no slip, so that X vanishes, the flux becomes 
j. <Pi-JPs) ^ 6-25x10-8. 

fit 

* ‘ Sitzungsherichte der Wiener Akademie/ vol. -dC. 
t * M^moires de ITnstifcut,’ 1818—1815. 
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Thus the flow through a gilt tube of a millimetre in diameter 
should, be twenty times as fast as through a tube where there is no 
slip. Poiseuille showed that for a glass tube = 0, and it had been 
generally supposed that this also held for other substances wetted by 
water. 

Such a large effect as the above shows that the existence of the 
coefficient would be much better investigated by transpiration experi¬ 
ments than by oscillating spheres, and an investigation has been 
carried out on these lines. 

In order to prevent absolute determinations, the time of flow of a 
known volume of water through a glass tube was observed, the inte¬ 
rior of the tube silvered, and another observation taken with the 
same pressure and the same volume of water. 


Fm. 1. 



I. The -water -was allo-wed to run o-atof ahnlb through the transpi- 
ration tube under its own pressure. 

As the result of four series of ohservatlons ou three different 
tubes, it was found that the times of flo-w for the glass tubes were the 
same to -within 0-7 per cent, as the times for the silvered tubes, cor¬ 
rections being made for changes of temperature, and for the decrease 
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in diameter due to tHe silver layer. Different thicknesces of silver 
were used. The differences in the times were all within the limits of 
experimental error. 


2 . 





II. In order to determine whether any slipping occurred when the 
gradient of velocity was pushed near the limits of linear motion, as- 
investigated by Prof. Osborne Peynolds,* the difference of pressure 

* ‘ Phil. a?raiis.,’1886. 
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was increased by placing a partially exhausted space in connexion, 
with the lower end of the tube, the size of the bulb being also 
increased. The pressure was read by a kathetometer on a gauge’ of 
sulphui'ic acid or mercury, and a small correction (always less than 
0*2 per cent.) made in order to compare the times of flow under tlie 
same pressure. The temperature of the water was observ'ed imme¬ 
diately after it had passed the transpiration tube, by reading a ther¬ 
mometer immersed in the cylinder 0, at equal intervals, while the 
water was running. The smallest tubes which could conveniently be 
silvered had a diameter of rather less than a millimetre, and in this 
series of experiments the tubes had diameters of 0*084 and 0*072 cm. 
The results of four series of experiments showed that in three cases 
the times for the silver and glass surfaces agreed to less than 0*5 per 
cent., and in one case, where the silver was rather too thick, and 
probably a little irregular, the time of flow for the silvered tube was 
1 per cent, greater. 

Even if the slipping effect was only half that deduced by Helmholtz 
and Piotrowski for gold, the times of flow should have been for these 
small tubes from fifteen to twenty times less for silver than for glass. 
The two series of experiments given above may therefore he considered 
a quite ^tisfe-otory proof of identity. 

Eio. k' 



III. G,irard’s experiments on copper tubes give X = 0*3984 mm. 
The times of fiow for a tube of 1*83 mm. in diameter were about 
three times less than that given by Poiseuille’s law. These experi¬ 
ments were repeated with some solid drawn tubes, kindly made for 
me by Messrs. Elliott, of Selly Oak, Birmingham. The diameters were 
estimated to about 0*1 per cent,, by weighing the tube first empty, 
and then full of water. By some subsidiary determinations with glass 
tubes, I showed that this gave the same result as the usual method 
with mercury. The results in all cases showed agreement with 
Poiseuille’s observations. The times of fiow were alw^ays a little 
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greater, obviously owing to irregularities in tbe tubes, but never 
less. 

Tbe surfaces of tbe tubes were tbeu modified in various ways: by 
cleaning witb acids and alkalis, by polishing with emery powder, by 
coating witb a film of oil, and by amalgamating witb mercury. In 
no case, however, could any deviation from Poiseuille's laws be 
detected. Girard gives no account of tbe method be employed for 
determining tbe diameters, and this may explain bis results; any 
constant error would of course be more important in smaller tubes 
than in larger ones, and produce tbe same result as a slipping coeffi¬ 
cient. Tbe tubes I used were some of them smaller than those of 
Girard, and any slipping would have produced an even greater effect. 

lY. At tbe beginning of Helmholtz and Piotrowskfs paper, tbe 
latter claims to have shown by experiments on a glass flask, plain and 
silvered, that tbe friction exerted on it when oscillating by tbe con¬ 
tained water depended on tbe nature of tbe surface. These experi¬ 
ments were repeated, care being taken to make corrections for tem¬ 
perature, and to prevent alterations in tbe bifilar suspension, which 
were very apt to occur. Both of these precautions were neglected by 
Piotrowski, who only took two observations of tbe logarithmic decre¬ 
ment and tbe time of swing for each state of tbe flask, but deduced a 
4 per cent, difference in tbe frictions. 

Tbe results of my observations are 

Silvered surface, time of swing .. 8*806 sec. log. dec. 0*142335 

Unsilvered surface „ . • 8*779 „ „ 0*142217 

By tbe theoretical part of Helmholtz’s paper, this makes the ratio 
of tbe friction on glass to tbe friction on silver 

1*0022 : 1 . 

The change, if any, is less than 0*3 per cent., and the ratio is unity 
within tbe limits of experimental error. 

The figures given above are tbe means of twelve observations for 
tbe silver, and of twenty-three observations for tbe glass, some being 
taken before, and some after, those for tbe silver. 

Y. A modification of Piotrowski’s experiment was then tried. 
Instead of filling tbe oscillating flask witb water, it was filled witb 
sand, and oscillated as a rigid body in a beaker of water. The ordi¬ 
nary investigation for such cases was then applicable, and it is easily 
shown that if h and h' are tbe frictions, \ and X.' the log. decrements, 
and T and T' the times of swing for tbe two cases, 


h _ XT 
k' X'T'* 
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The outside of the bulb was silvered, observations taken, and the 
silver tben dissolved without touching the suspension, and observations 
again taken. 

Silvered surface .. 9‘898 sec. log. dec. 0*20718 

Glass „ .. 9*938 „ „ 0*20751 

Ratio of frictions 1 : 1*00564. 

The change is thus less than 0*6 per cent., and is within the limits of 
experimental error. 

The main part of Helmholtz’s paper is taken up with the con¬ 
sideration of experiments on the oscillations of an accurately woi’ked 
sphere. It is remarkable that he deduces a value for the coef&cient 
of viscosity which is about a quarter greater than that given by 
Poiseuille. This seems to suggest that a slight change in the applica¬ 
tion of theory to the results of experiment is needed, which will 
reduce the coefficient for the viscosity of the liquid, and increase tlie 
value for its adhesion to the walls of the vessel to that required for 
the condition of no slip. The existence of any effect approaching in 
magnitude that given by Helmholtz would produce, as I have shown, 
such an enormous change in the time of flow through a silvered tube, 
that the result of my experiments must be considered quite conclusive. 
The argument from the differences in friction due to differences in 
surface, in favour of the contact theory of E.M.F. is now seen to be 
worthless; and it must be admitted that no slip occurs, at any rate 
with solids that are wetted by the liquid. 


III. '‘Re-determination of the True Weight of a Cubic Inch of 
Distilled Water/’ By H. J. Chaney. Communicated by 
the President. Received February 4, 1890. 

(Abstract.) 

Recent investigations as to the value of the metric unit of volume 
—the cubic decimetre—appear to show, indirectly, that the present 
W'eight of a cubic inch of distilled water (252*458 grains, t = 62® F., 
5 = 30 in.)—the hitherto accepted unit of volume in this country— 
is appreciably too high. This weight (252*458 grains) is based on 
weighings made by Shuckburgh in 1798, and on linear measurements 
by Kater in 1821; but their results are affected by uncertainty as to 
thermometric and linear measurements, and as to the condition of the 
water used. Hence a direct re-determination of the unit of volume 
in this country appeared now to be desirable. 
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Methods and Apjparatus Employed, 

The weight of a given volume of water is best determined bj 
ascertaining the weight of water displaced by a body or gravimeter, 
whose weights in air and in vacuo, and external linear dimensions, 
may be precisely determined. For the purpose of the present experi¬ 
ments three such gravimeters were used:— 

C. A platinised hollow bronze circular cylinder, 9 inches in 
diameter and height. 

Q. A quartz cylinder, 3 inches in diameter and height. 

S. A hollow 6-inoh brass sphere. 

The dimensions of 0, Q, and S were measured by two comparators, 
designed for these measurements, geometric lines being traced on 
C and S for this purpose,* to inch- The actual 

rate of expansion of each gravimeter by heat was not separately 
determined, as the probable errors which arise in ascertaining the 
rates of expansion of bodies of the particular sizes and forms of 0, 
Q, and S, would be larger than the probable errors which arise in 
applying the rates of expansion obtained from experiments made by 
the Fizeau optical method on smaller cubes of similar materials. 

Water ,—For the rate of the expansion of water the mean corrected 
observations of Despretz, Kopp, and J^ierre, as taken by W, H. Miller 
(1856), and Foerster (1864), have been followed. If those of Hagen 
and Mathiessen had been included, the weight of the cubic inch would 
have been affected by + 0*0009 grain. For the normal temperature 
to which we wish to reduce the cubic inch (^ = 62° F.), the maximum 
density of water to its density at i = 62° F. is— 

a t 4° 0. = 1*000000 
/62 ®f. = 0*9y8881 

The water was in each case twice distilled; no chlorine, carbonic 
acid, lead, or lime, being traced, in any quantity to affect the weigh¬ 
ings. No correction for the absorption of air was applied, as the 
distilled water was so far deprived of air, by boiling, and under an 
air-pump. 

Thermometers .—Six standard thermometers, verified both before 
and after the experiments were used, viz.. Centigrade 4517, 4518 
(Tonneldt) ; Fahrenheit 430 (Kew Committee), 12765 (Negretti and 
Zambra), and 20065 (Hicks) ; the verifications being based on the 
two thermometers 4517 and 4518, the values of which had been 
expressed by Dr. Rene Benoit and Dr. Pernet in relation to the 
hydrogen thermometers to + 0*001° C., each thermometer being 
corrected for exterior pressure, and its readings reduced to the 
horizontal position. The experiments were made as nearly at 62° as 
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miglit be; an uncertainty of. 0*2® E. making a difference in the 
weight of the cubic inch of 0*003 grain* 

Weighings .—The weighings were made in three sensitive balances,, 
by Borda’s method; the gravimeter being suspended in water te 
a fixed depth, by a platinum wire. The largest errors in such 
weighings are those likely to arise from minute bubbles of air 
carried down by the body which is suspended in water; and as it is 
impracticable to keep the gravimeter in boiling water, such bubbles 
must be looked for, and the gravimeter repeatedly re-immersed. 

The normal air adopted in these weighings is that at t ='62° F.y 
h = 30 inches, containing four volumes of carbonic-anhydride in every 
10,000 volumes of air ; and also containing two-thirds of the amount 
of aqueous vapour contained in saturated air; weighed at West¬ 
minster, latitude 61° 29' 63", at 16 feet above sea-level {g West¬ 
minster = gr450—1-00057704). A cubic inch of such air weighs 
0*3077 grain. 

Results of the present JSxperiments. 

0. Mean height. ‘9*002020 inches. 

„ diameter..'- 9*004148 „ 

Vc. 672*803651 cubic inches. 

Weight in air. 183676*066 grains. 

„ inmcuo,.. 183797*198 „ 

AC...... 1*27049 

S. Mean diameter... 6*992439 inches. 

Ys •. • * -.. 112*6694096 cubic inches. 

***Weight in air . 28410*307 grains. 

„ in vacuo ... 28440*779 „ 

Q. Mean diameter .... w. 3*083991 inches. 

„ height. 3*018485 „ 

Weight in air. 16426*96496 grains. 

„ in vacuo .. . ' 16429*66616 „ 

AQ .. 2*265425 

Yq . 23*04014 cubic inches. 

In normal air a cubic inch of distilled water, freed from air, at the 
temperature of 62® E., was found to weigh— 

C. 252*267 grains. 

S. 252*301 „ 

Q. 252*261 „ 

By the experiments with the sphere, apparently greater accuracy 
was obtained than with the cylinders, and in calculating the weight 
of the cubic inch, a higher value has been assigned to S ; or 
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One cubic incb of water (as above) = grains 252-286 + 0*002, 

of which grains the imperial pound (t = 62°. 6 = 80 inches) contains 
7,000. ; 

IV. On Wind Pressure upon an Inclined Surface,” By W. H. 
Dines, B.A. Communicated by the Meteorological Council. 
Received June 12, 1890. 

In accordance with a plan suggested in a memorandum drawn up 
by Professor Darwin, I have made the following experiments upon 
this subject, using for the purpose the large whirling machine of 
56 feet diameter erected at Hersham. 

The apparatus was made by Mr. Munro, and the general arrange¬ 
ment is shown in figs. 1, 2, and 3. 

1 gives a view as seen from the ■ point towards which the 
pressure plate P is moving; fig. 2 as seen from the centre’ of the 
whirling machine ; and fig. 3 as seen from a point vertically above it. 
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The moment due to the wind pressure is balanced by the moment 
of th@ centeifugal force due to the circular motion acting upon the 
bar T^^.^ds MF, about which the pressure pKfe can turn, is 

coincident with the long arm of the whirling machine, and the axis of 
rotation ODi of the bar AB is vertical, that is, parallel to the axis of 
the whirler, the bar itself being horizontal, and.at right angles to the 
long arm. The moment due to the centrifugal force could be varied 
at pleasure by sliding the bar AB longitudinally through a slot, S, 
and thus altering the distance of its centre from its axis of rotation. 
The bar weighs 2 lbs., and is graduated in decimals of a foot; thus, 
if its centre of mass be placed at a distance a? from its axis of 

rotation, the.moment is — x (ft^ and lbs.). 

This arrangornent rendei^ any dofeynamation of. the velocity 
unnecessary during the experiments, since the wind pressure also 
varies as an# therefore^ as soon as « is hnowh, the moment due to 
the wind pressure can be expr^ed in terms of o. 

'Fot reasons subs6q[uently explained, it was found advisable to 
always work at about the same pace, and forty miles an hour was 
chosen as most convenient. 

The pressure plate P of polished wood was 1 foot square, and, in 
order that the back might not present any irregular surface to the 
wind, it wa/S made so that the section should be a very obtuse angled 
isosceles triangle, the altitude being 1-| inches, and the supporting 
arm passing through the whole width,of the solid wood. It was 
mounted with its centre 1 foot from its axis of rotation, and was 
balanced by a counterpoise weight, K, placed on the other side of the 
axis, the weight also making the arrangement symmetrical with regard 
to wind pressure. 

The lever EF, on which the pressure plate .v^as mounted, was 
clamped to a circular brass disc, Gr, with a g^uated inm, th^ 
haying its centre on the line MH, and being to turn in its own 
plane about that line. The disc <K)mmunicated i%«»ngular motion by 
a stud to the frarue* through which the bar AB^^^d slide, the frame 
and bar being pivoted, so that they could tuw kbout the vertical 
axis CD, the motion being thus changed feomt a veWcalto a horizontal 
plane. Of course, ^ ^tud being employed instep of a pair of bevelled 
wheels, a play of only a few degrees was .po^iMe. The lever 
could be clamped^to the disc by a bolt and hp4, B^.in auy position, and, 
since the motion w^ korizontar and the zero haarte of the disc corre¬ 
sponded to a vertical position of the lever, disc afforded 

an easy method of ; giving to ihe> angle of ihciaence of the air upon 
the face of the plate, any desired value;- fee platd P, again, could he 

arranged so that the plane i%'surface desired angle with 

the lever EF, 
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It remains to explain how the value of the moment corresponding 
to any position of the plate was measured. The bar AB was made 
to take up its position of equilibrium with the plate automatically, and 
the plan by which this was accomplished is shown in figs. 4 and 5. 

The sliding bar AB had a rack cut on it, and the pivoted frame which 
carried it also carried a crown wheel, X, and pinion, the teeth of the 
pinion working into the rack cut on the bar. The fixed frame of the 
apparatus carried a long pinion and grooved pulley, HL. A band 
from a small windmill placed on the long arm caused this pulley to 
turn in one direction whenever possible. 

The pinion LH was placed just in front of the crown wheel, and so 
near to it that when it was exactly parallel to the face of the crown 
wheel the teeth on both sides were engaged, and consequently the 
arrangement was locked, and no motion could take place, the driving 
band either slipping on the pulley, or the windmill ceasing to 
turn;. ' 

: If,» however^/the frame carrying t^ie crownwheel moyed slightly 
round its axis CD, so as to bring the bar AB into contact with the 
stop Z, it is evident the teeth of the wheel on the side near H would 
become free from the pinion, and, the teeth on the side near L being 
more deeply engaged, the crown wheel would begin to turn, and 
would communicate a longitudinal motion to the bar AB, by means 
of the rack and pinion, causing it to move from B towards A. 
Contact with the stop W would cause the teeth on the side near H to 
become engaged, and consequently the wheel would turn in the other di¬ 
rection, and the bar move from A to B. Under these circumstances the 
bar takes up that position in which the moment due to the centrifugal 
force is exactly equal to the moment due to the wind pressure;which 
'Jit is required to measure ; for that is the. pnly position in whi<3^ the 
■;\MvcsLn rest; any departure from the position of ecjuilibriu^bting 
^^Wm^diately followed by a readjustment of the petition. to 

f Sffenhine the wind!pressure, it was only necessary to clamp the, plate 

petition, to allow the steam engine to, give a few- turns the 
whirling mj^ohine, to stop it, and then read off and enjjer the* distance 
,^!"of the centre of mass of the bar from its axis p£ rotation: 

In practice two bars were nsed, one tv'eighing 2 lbs., which could 
be placed in any position and clamped by hand; the other weighing 
f lb., which, being worked by the automatic arrangement, made the 
final adjustment. 

Both these bars were graduated in decimals of a foot, and the plan 
adopted was to enter the distance of the centre of mass of the 2-lb. 
bar from the axis of rotation first, and then to enter the distance of 
the small bar, prefixing a -f- or — sign, according as the two centres 
were on the same or opposite sides of the axis. Dividiug the second 
entry by 8, since | lb. is J of 2 lbs., and then adding it algebraically 
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to tbe first entry, gave the distance from the axis at which a weight 
of 2 Ihs. would canse equilibrium. 

The change of the plane of the couple from the vertical to the 
horizontal was also accompanied by a change in tbe length of the 
arm of the couple in the ratio of 2 : 1, the apparatus being designed 
thus in order to reduce the weight of the sliding bar; and therefore 
the value of jc, when found as above, had to be multiplied by 4, to give 
the distance in feet at which the centrifugal force acting upon 1 lb. 
would balance the pressure upon the plate. 

In the event of the small bar having run against its stops at either 
end, a fresh adjustment of the heavy bar had to be made by hand; 
but this seldom happened, except in the case of‘the first determina¬ 
tion for a new position. 



Position III, Position IT. 


The four typical positions are shown in the figures, and are I'eferred 
to in the subsequent tables and remarks as Positions I, II, III, and 
lY, The following extract, taken from Professor Darwin’s memo- 
r^dum, shows how the normal component of the wind pressure and 
the position of the centre of pressure may be obtained :— 

It may he supposed that the couple, due to the wind pressure 
upon all the moving parts except the plate, may be eliminated, so 
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that the couple necessary to hold the plate in position alone remains 
to be determined. 

“ Consider the first and second positions of the plate or vane; since 
the wind meets the vanes at the same angles in both cases, the 
•couples would be identical, if the centre of pressure were at the 
middle of the vane. But it is well known that the centre of pressure 
is nearer the forward edge, and hence the couples are unequal. 

“ If a be the distance from the centre of the plate to its axis of 
rotation, and if x be the unknown distance of the centre of pressure 
from the centre of the plate, and if P be the mean pressure estimated 
-over the whole plate, and and the couples corresponding to the 
two positions, then it is clear that 


= P(a—a?) ; = P(a4-^). 


■'‘ from which we easily get 


“ also Vx = Li). 


Thus, this pair of experiments gives two of the things to be 
measured. 

“ Next consider the 3rd and 4th positions, where the experimental 
plate is clamped with its plane perpendicular to the arm, and where 
the inclination to the horizon is complementary to the angle of 
inclination in the 1 st and 2 nd positions. 

"Suppose that T is the tangential force on the plate, and L 4 
the couples in the two cases. ■ ■ , f' x 

> " Then it is dear that 

' ‘‘ 1^3 = Ta+Pje and = 5 ?a--«Paj; ' \ r'"',;!■ 

which we get ’ 

■ = 

"If we avail ourselves of the value of P and obtained from the 
1 st and 2 nd experiments, we have 


" Ta = L3-i (Lg-Li) = L4+I (4-Li). 

" The 3rd and 4th experiments thus afford a redundant equation, 
and this may be expected to give a check on the consistency of the 
results with themselves.”—^An expectation unfulfilled. 

For the purposes of comparison, the value of the moment of the 
1 foot square pressure plate, when exposed normally, with its centre 
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I foot from its axis of rotation, and wHen corrected as far as possible 
for all sources of error, is given as 100, the values of all other 
moments being expressed relatively to it. 

The actual value in terms of the velocity is given subsequently. 

Square Pressure Plate. 

Curves A and B show the relation between the angle of incidence 
and the moments for positions I and II, as deduced from the first un¬ 
corrected series of experiments, and curves B and F for positions III 
and lY (figs. 8 and 9). In taking the values of these moments there 


Fie. 8.—^Diagram of Moments. Square Plate. 



is one point of Nwhich we must not lose sight. The long arm of the 
whirling machine is not perfectly rigid, and gives way under the 
torsion produced by the wind pressure. Experiments made by 
hanging weights from the end of a lever showed that a force of 5 lbs. 
acting 1 foot from the axis caused a deflexion of 2°, and since this is 
about the moment caused by a velocity of 40 miles an hour, when the 
plate is exposed normally, the curves have been drawn on the suppo¬ 
sition that a moment represented by 100 caused a deflexion of 2®, and 
that the other moments caused a proportionate deflexion. 

It was on this account that it was found advisable to make all the- 
experiments at one uniform velocity. 
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Pja. 9.—Diagram of Momenta. Square Plate. 



2U' 40 


The actual results which have been obtaiued are all given in the 
following tables, in which no notice is taken of the torsional deflexion, 
although it has been taken into account in drawing the curves. 



Position I. 


Position IT. 


Angle of 


Angle of 



incidence. 

Talues of moment. 

incidence. 

Values of moment. 

10° 

97,105,115, 107 

0“ 

109, 105, 111, 

100, 

15 

106 


110, 114, 127, 

119, 

20 

108, 99 


119 (at top) 


30 

97,102 

0 

107,100, 114,108 (at 

40 

97, 96 


bottom) 


45 

94 i 

10 

106,108, 108,108 

48 

97 

16 

110, 115 


50 

94,91,99 

20 

109,102 


51 

98 

30 

103,100, 97 


62 

106 

40 

103, 96 


64 

109 

45 

94 


55 

114,113, 117 

50 

96, 95 


66 

114 

52 

105,106 


58 

112 

54 

118,106 


60 

100,103, 96,109 

65 

124, 106, 107, 

126, 


128,126 
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Positioii I— continued, ^ 

1 Position n— continued. 

Angle of 


Angle of 


ihoidence. 

Taluee of'moment. 

incidenoe. 

Values of moment. 

61 

102 

66 

124,130 

62 

97 

68 

144,161,144 

64 

85 

60 

130,126, 126, 119 

65 

79 

61 

128,130 

70 

63 

64 

125 

76 

48, 52, 45 

66 

108,120 

go 

38, 39 

67 

106 

85 

26 

70 

73, 89, 86 

90 

9, 10,12 

76 

64,. 63, 64 



80 

■ 39,47 



86 

25 



90 

2, -6 


Position III. 


Position rV. 

of 


Angle of 


fiotidenoe. 

Yaluea mgmeilt. 

inofatnde. 

, V^ues of moaient. 

' : ■ 5°- ' 


6°"'- 






15 

7,11 

1 -15 ■ , 

3,3 

20 

9' 

' m " 

4 ' 

80 

11.10,11 

m 

9,13 

45 

19 

40 

12 

60 

22,15,22,35 

45 

16,14 



60 

20 



52 

17 



56 

21, 23, 24, 22 



58 

24, 24 



60 

24, 27, 23, 27, 27 



61 

24,23 



64 

24,22 



65 

24 



67 

24,23 



70 

20, 21, 18 



75 

16 



80 

7 



85 

0 


These tables give a negative value to the tangential component of 
the pressure when the angle is 60°, and they also make it appear 
that the central line of pressure is coincident with the central line 
of the plate until the angle of incidence exceeds 45°. Neither of 
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these conclusions seeming probable, it appeared advisable to obtain 
some independent information upon the point, and for this purpose 
the natural wind was used. 

A light circular disc, of 8 inches diameter, was rhounted so that it 
could turn freely in its own plane, and the lower half was cased in, so 
that it was completely sheltered. It was then exposed to the '^ind 
in various positions, its plane being always vertical, hut inclined to 
the wind direction at different angles. The tangential component of 
the wind pressui4&, acting upon one side of the upper half of the disc, 
would tend to relate the di^, but it was very seldoin that the slightest 
motion could be obtained, although the friction was so slight that a 
few grains weight placed on the rim of the disc was Suf&cient to move 
it. It seems clear from this that the tangential component is so 
small that it may he neglected in coniparison with the normal, and it 
has accordingly been considered equal to zero. 

To find the position of the central line of pressure, the arrangement 

Fio. 6. 
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shown in figs.. 6 and 7 was designed, A pressure, plate, P, similar to 
the experimentftl^ plate, ^as mounted on a steel rod, AB, the line of 
the rod being dii'the fabe of the-plai^ and pfir^lfehto a Tertical edge, 
but not neces^t^ly through'to centre ot the plate. The rod 

was ground te^4|iha?p |idmi at lts 4dbnS^h placed in a piece of 
brass tube witna plug , at tiLe..bbttoh^'"i^^^ point rested, so 

that it could Wn the Oh expomng this arrangement 

to the wind plate obtdd tahe up a doflnite position, the angle 
between the nomnal and the wind iKrection being dependant upon 
the distance of the centre of the plate from the axis of rotation formed 
by the steel rod, 

It was not possible, however, to measure this angle, because the 
wind direction never remained steady for a sufficient time. To over¬ 
come this difficulty, a flat disc, 0, was placed on top of the brass tube, 
and the tube itself was pivoted in another piece of tube, A definite 
line on the disc was kept facing the wind by a vane D, and the angle 
between the normal to the plate and this line was determined, as far 
as possible, for various positions of the steel rod relatively to the 
centre of the plate. A vertical section is shown’ in fig. 6 and a plan 
in fig. 7. In the following table the angle of incidence is denoted by 
9^ and the distance between the centre of the plate and centre of 
pressure by Exact relations between a? and 9 could not be obtained, 
but the follo-v^rlng values are probably-' within a few degrees of the 
truth, unless the' Mnd vane below'the disc is influenced hy the 
pressure plated : - Whether this ba»,^S.Q or not J have no means of 
judging. ' ■ . ’ 
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X = 0*025 foot. e z=z 18° 

aj = 0*050 „ . 6> = 30 

= 0*075 „ . a = 45 

X = 0*100 „ 0 = 60 

X == 0*125 „ . 0 = 70 

X = 0*150 „ . 0 = 75 

£» = 0*175 „ . 0 = 78 

as = 0*200 „ 0 = 80 


Reyerting to the whirling machine, the inconsistencies shown 
between the series of results for the difEerent positions appeared to 
be due to an eddy from the frame of the apparatus, or at least that 
seemed to me the onlyfeasible explanation. To test this, experiments 
were made on the machine with the plate MINT in the position shown 
in the annexed diagram, the wind being supposed to come from the 



right. If L be the moment about 0 in this position, the expression 
L sec 0, which is equal numerically to the force acting upon the 
plate when exposed normally, ought to be independent of 0, but such 
was not found to be the case. If a circle be taken with 0 for centre, 
and A be taken on the right, so that OA is the direction of motion of 
the apparatus through the air, and the points F, B, E be taken at 
45°, 90°, and 135° respectiyely from A on the top, and H, C, G be 
corresponding points on the bottom part of the circle, then the yalue 
of L sec 0 was found to yary in the following manner:— 

At F the yalue was about 30 per cent, less than at E, the yalue 
increasing uniformly from F to E. 
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Afc H tlie value was about 15 per cent, less than at G, increasing* 
uniformly from H to G. 

At H and “F the values were very nearly equal, F being slightly 
lower, but the difference was quite within the limits of an accidental 
error. 

These results point clearly to an eddy from the frame of the 
apparatus, and it was owing to the accidental discovery that the 
pressure at 0 was 7 or 8 per cent, less than at B that I was led to 
try the effect of placing the plate exposed normally in various parts 
of the circle, as just explained. 

Reference to fig. 1 will show how small a surface the frame pre¬ 
sents to the wind; actually it is about 14 square inches, or only one- 
tenth of the surface of the pressure plate, and being a$ much as 
15 inches laterally from the centre of the plate, it certainly seems 
surprising that it should exert so great an influence. 

Observations to find the value of the moment about 0 for positions 
I, II, III, andjiV were made indiscriminately in the top and bottom 
segments, before the existence of the eddy was suspected j but sub¬ 
sequent trial that ike values in the case of. oblique exposure 

were symmeti^^^fl^ the l,iue; AQ^^exfeptmg, i^ ,iKhe.j^ghbourhood 
of the points 

It is^ clear important 

Since the the plate was found, to increase 

uniformly and ateo fecm.BI to G, it seems to he the 

least objectioE^l^^flap. tQ agpume>that.t^; moment when the plate is 
exposed obliqfietj varies in the same way. This assumption will, at 
least, bring the position of the central line of pressure, as deduced 
from positions t and II^ more into accordance with the position which 
it is known to ^ke up. 

Also, since , the normal pressures at H and F are practically 
identical, and these are presumably the positions where the eddy 
from the frame should have the least effect, I think it will be best 
to take the values of the normal pressure in these positions as the 
basis with which to compare all other pressures. It will be seen that 
this is equivalent to taking about 16 per cent, less than the value 
found at B, or about 7^ per cent, less than the value at C, as the 
numerical value of the normal component. 

Assuming that the tangential component is zero, we have now four 
ways of determining the normal component for any angle of incidence. 
They are (1) by combination of the corrected values found for posi¬ 
tions I and II; (2) by combination of positions II and IV. These 
gi'^ also the position of the central line of pressure. If we take the 
position of the central line of pressure obtained from the experi- 
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ments with, the natural wind, these yalues, combined with positions 
either II or lY, will give the normal component. It will be seen, on 
ref^ence to the tables of values found for the various positions, that, 
in whichever way the curve be constructed, a very curious and sudden 
ri^ occurs between the angles of 55® and 60®. Curve 0, fig. 10, for the 
nprmal component has been constructed by taking the values from 
poj^ifions II and lY, and curve D, fig. 11, by taking the positipn of the 
central line of pressure from the natural wind experiments, and then 
deducing the normal components from the values of the moment in 
p<>sition II. I* can form no opinion as to which curve is the more 
likely to be correct. Some confirmation of the truth of these results 
iS| perhaps, given by the fact that the greatest moment produced by 
tl^ wind upon a Robinson cup does not occur when the arm Is 
pe^^hdicular to the wind direction, but when there is a considerable 
inclination, and the fact that a ship can sail at a good pace when its 
diie<&on makes with the wind direction an angle considerably less 
thfe 90® is worth noting. 

^Ehe position of the central line of pressure, as deduced from the 
experiments made on the whirling machine, is nearer the front edge 
of the plate than the position given by direct experiment with the 
natural wind. It will be seen that in both cases the distance of the 
central .line of pressure from the centre of the plate increases more 
rapidly with the same change in the angle of incidence, as that angle 
increases in magnitude; but that the angle at which the ’ acceleration 
becomes apparent is greater in the natural wind experiments. 

The following results, showing the relation between a? and 9 (see 
preceding table), may be of interest; they are deduced from positions 


IlandlY:— 

a; = 0-025 foot. d = 10® 

= 0-060 „ . ^5=; 18 

0 = 0-075 „ .. 0 = 26 

a? = 0-100 „ .. 0^38 

aj = 0'125 „ ........ 0 = 39 

aj= 0-160 „ .. 0 = M 

>£» = 0-175 „ . 0 = 49 

iu = 0*200 „ ........ 0 = 54 

35 = 0-225 „ ........ 0 = 68 

35 = 0-260 „ . 0 =63 

35 = 0-275 „ . 0= 67 

35 = 0-300 „ .. 0 = 7;i 


Bough Sur/cfces* 

The preceding results refer exclusively to a smooth polished plat^ 
The effect of covering the face -with sand.rpaper of medium coarsen^^ 
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Eig. 10. —^Diagram of Normal Oomponent. 
From Positions II and lY. 



Fia. H.—Diagram o£ Normal Oomponent. 
From Position II and Natural Wind Experimams. 
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^B<i also witlt wooHy flannel, wa® far as I coulfl 

|^dg%. tib.e sand-paper made no difference in toy position, and tba 
S^aT^elj ii^de no» difference in the normal position At the angle of 
' moment, the flannel ctoses a considerahle change in. the 
the moment. The mean of six experiments made ih posi- 
I and II giTes a decrease of 21 per cent, in the vadtie of Jflie 
component (not the moment)^when the face of the pl%te/is 
^TOxed trtth fianneL Abont the same decrease is cansed hy thOr 
^ifeghly wetting the face of the plateprobably because a seri^;>^ 
are set np, for jnst damping it has no appreciable effect. 
.^jlments made with the flannel in positions III and lY show 

iwo*ways. It decreases the prepare, and brings the ctoti^ 
hf pressure nearer to the centre of the plate; there is also p il§^ 
tangential component, hnt uncertainty abont the effect 
'^dy in the back positions (I and HE) and want of time have pre- 
'^ehted my makir^ any attempt to determine ih© numerical Talhe^'nl ^ ^ 

DisirihuUon of the Stream lines on the Surface of the PlaUn 

In accordance with suggestions made by Professor Darwin tod 
Mri. Bucban on tbe occasion of their visit to Hersham on March 204h^' 
an attempt has been made to map out the stream lines near the surface 
of the pressure plate for various angles of incidence. 

For this purpose twenty-five small pins were driven into the face 
of the board in rows 2 inches apart, and a few short lengths of dark 
coloured silk were tied to the head of each pin. It was somewlmt^ 
ipffitolt to see the position taken up by the silk, hut the accompany^ 
4^' diagrams give a general idea. Each diagram is the result 
made at different times and compared 
where the two drawings showed much difference a 
n^e. The pace was about 3& miles an, hoim^ that , 

4he limit at which the Silk oonld^be Seem ■ ^ ^ ' 

tik diagram the front edge of ,th#„ plate corresponds’ 
rj^3.:'the left band, to the side neatest tC' the 'vCtotre 
j: machine. The aixows indicate the position 
Attached to the corresponding pi%.and probahlj 
of motion of the air at ibe point‘^ithih & fair » 

shelter fe-a general'tendency of the arrows to' ih<iin«rio ■ 

no. dOuTbt due to the; ceatriffLgal"force..'' 3!he .ite', 

Aohlbt jndir©#^. to4 imh due to direct action upon -^e si% hut 
Action Upon the compa^tovely stiE air, %Mch, feeing dinveii . 
the right^, in turn moves the silk, tt tvaS evident that in 
whtoe the symmet^ of ihe diagram ’Was: destroyed by a 
til© right, the- motion Of the air.Wto comparatively gentle,, 

' being seen by the inertness of the threads.tothose positions. ‘ > 

VOL. XLVIII. T 
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in ±h.B distribniion of the stream linfes occtirN^| 
I either the hack or front of ihe plate at angles between 45"* an^r| 
60*^, sereral intermediate positions having been tried. ■; 

; tJntil the angle of incidence exceeds 60° there is a region of still* ; 
air at the hack jnst behind the forward edge of the plate; the-^t 
width of this seems to increase, but it remains at all events withih‘:v 
2 inches of the edge until the angle of incidence exceeds 60°, It is ■ 
curious that at 75° the air should be at rest at the centre of the back‘| 
of the plate, and pass oiff laterally in both directions. In all casef k 
the motion on the front of the plate was quite steady. At the bacl^^ 
in the case of normal exposure, it was too unsteady to be det^H I 
n^ed^ at 15^ it was decidedly unsteady; but in the other positiQsp^ l 
there was no difidculty in seeing the position of the silk threads. ' '| 

■fl 

JSffect of Temperature, Pressure, §*c. 

j %t will be seen on reference to the tables that very divergent resul^l 
were sometimes obtained. Obviously experiments made under 
stoe conditions of barometrical pressure, temperature, and wiilll 
to give the, same values. In cases where a small change of i 
(pi^Km causes a considerable change in the moment^ a 

fe/'i^ily ekpiained by .supposing a smalMhi^Wel 
^‘'■■iEipilde^;®'.rm the angle> but itr.nhany'casMf 

0 .' , :-^o!toe natural ■■'!^d ■ bhght 

‘ 'pvessuro^ but m m faa? as .1 cto' Judge ’it ■ does not d#'i 
te^ything" like' the' theore'feal amount,'that is to' say, the pressB^f 
inerted ^''nmeh as the mean square of 'the xela€ve velocilfli' 
experiments have shown that it is not possible to get a ,: 
result by altering the rate the whirling machine, all - 
under 70 miles an hour, which is the' greatest of Which the 
machine is capable, giving results which show that the pressure 
v^ies as the square of the velocity. It must, however, be remem¬ 
bered that at low speeds the forces are too small to be capable of ■ 
measurement. 

jjfiBarometrical pressure has the result which might be expected, tlwe 
p^ssure on the plate varying directly as the height of the mer-, 
cupy, A rise of temperature does not seem to make much differ- ! 

but, if anything, it increases the pressure. Experiments have ., 
b^ made through a range of about 40° E., from 28° E, to 68° 'W/l 
grater viscosity, I suppose, at the higher temperatures more ; 
ti^' i^mpensates for the decrease of density, for certainly, other ciew i 
cil&lances being the same, the pressnre is not less at 60° E. than at 
the lowest values ever obtained were in a thick fog with #: 
below the freezing point, ' ’ > 

tions of the dew point have ever been made in coh- 
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nexion with the experiments, but I think that damp air is conducive 
to a high, and drj air to a low, relative pressure- 

On some days the values will not vary to more than 1 or 2 per 
cent, thronghont; on others, under apparently precisely similar 
circumstances, variations of 10 or even 15 per cent, will occur within 
a few minutes. It is perhaps possible that these changes may be due 
to variations in the viscosity of the air caused by a change in the dew 
point, or they may be caused by a circular eddy due to the wind 
coinciding in position with the path of the pressure plate. The latter 
supposition seems the more probable, but, if so, it ought to appear 
sometimes in experiments with velocity instruments, and I l^ve 
tried several air meters many times, and never detected anything 
approaching to a variation of 10 per cent. It must be remembered, 
however, that a change of 5 per cent, in the velocity would produce a 
change of 10 per cent, in the pressure. 

These variations give an immense amount of trouble, because it is 
imperative that an experiment should be repeated many times before 
the mean value is considered correct. 


Actual Pressures, 


The actual value of the pressure for any velocity is obtained thus. 

In the normal position, the pressure for which has previously been 
denoted by 100, equilibrium was obtained when the moment due to 
the centrifugal force was 1*33 (ft. and lbs.). The bar was 27 feet 
9^ inches from the centre of the whirling machine, and the centre of 
the pressure plate 29 feet l^- inches; hence, since the centre of the 
pressure plate was 1 foot from its axis of rotation, the pressure P is 
given in lbs. by the equation 


P = 


VBSXv^ 


when V is the velocity of the bar iu feet per second. 

This gives 

1*33x27*8Y^ 

32*2 X (29*1)2’ 

when V is the velocity of the plate. 

Changing to miles per hour, we have 

P = -0029172, 

which gives about 18^ miles per hour as the velocity at which the 
pressure is 1 lb. per sq. ft. 

This is, I believe, a lower value than has been previously given* 
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The older hooks on engineering give P = 0*005«?^, hut more recent 
hooks give P = 0*003^^. 

It is a lower value than the one determined at Hersham last year, 
hut I had then no suspicion that the frame of the apparatus would 
influence the result. It is, however, home out hy the values 
obtained last year for smaller plates, and the experimental evidence- 
which shows that a decrease of pressure per sq. ft. occurs as the size 
of the plate is increased. 

The following particulars may also he of interest; the method hy 
which they were obtained is described in a paper read before the- 
Royal Meteorological Society in May, 1890. At the centre of the 
plate when exposed normally the increase of pressure at a rate of 
60 miles an hour is equal to 1*82 inches of water, and the decrease at 
the hack, also at the centre close to the plate, is equal to 0*89 inch 
of water. These values were found with the plate at the point B 
(see preceding diagram), and, taken in connexion with the fact, 
discovered I, believe hy Mr. Curtis, that the pressure in front 
decreases from the centre outwards, agree fairly well with the value 
for the pressure obtained in that position. 


Long Narrow Vane* 

Experiments have also been made with long narrow strips instead 
of with a square plate. The size chosen was 4 feet long by 3 inches 
broad, the surface thus being the same as the square plate. 

Observations were made at angles of 10® apart, in positions I and 
II, both with the shorter axis inclined to the wind, and also with the 
longer axis. 

There was a difficulty in mounting these strips so that the 
supporting arm should not cause any disturbance of the motion of 
the air over the strip, and still be sufficiently rigid to support the 
pr^sure. The thickness of the wood was f inch, and the edges were 
feathered ofE. It will be seen that when the strip was exposed so 
that its shorter axis was inclined to the wind the longer axis was 
necessarily parallel to the long arm of the whirling machine, and its 
centre 2 feet from the end of the lever. Under these circumstances 
the velocity would be nearly 4 per cent, greater, and the pressure 
from 7—8 per cent, greater, than upon the square plate for the same 
rate of rotation of the whirling machine. This has been taken into 
account in drawing the curve G-. 

The support was obtained by a piece of flat iron, inch by 
which passed half way along the back of the wood, the end of the 
iron being bolted to the lever. 

The values of the moment for position I were found to be greater 
4han for position II, doubtless on account of the eddy from the 
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frame, and accordingly tlie valaes for position IT only were used for 
drawing the curve. 


Rectangle 4 feet by 3 inchest 


Shorter Axis inclined to the 1 

Longer 

Axis inclined to the 


Wind. 

Wind. 

Angle of 
incidence. 

Position II. 

Angle of 
incidence. 

Position II.. 

Yalues of moment. 

Values of moment. 

0° 

132, 126, 127, 128, 

0° 

126,129, 12B, 126 


135 

10 

141 

10 

128,132 

20 

153 

20 

135,126 

30 

167,156,159 

30 

130 

40 

156 

40 

125,123 

50 

118 

. 50 

114, 120 

60 

84,93 

60 

99,100,102 

70 

36 

70 

72 

75 

26, 26 

80 

37 

80 

11 

90 

-6 

90 

11 


Position I. 


Position. I. 

20 

133 

10 

114,116 

40 

131 

20 

93 

60 

120,126,117 

30 

73, 77 

60 

120 

40 

66 



50 

54 



60 

38, 36, 39 



70 

24 



80 

24 



90 

X2 


The curve G, fig. 12, therefore shows the ntoment about 0, j^ifeitber 
than the normal component of the pressure, but, the strip being only 
3 inches broad, the departure of the central line of pressure &om the 
centre of the strip oanpot cause any very serious difference. The actual 
pr^BUre upon a surface of this kind is much greater than upcm an 
equal surface when collected in at compact form, such as a square or 
c^le, the difference in this case being more than 20 per cent, This 
ik quite in accordance with previous ssperiments that have been i3^d0 
S|ib|ect, 

^e dotted line shows the value of the normal component given by 
I^yle%h, tW cunves being n^ade.tp atthe beginning and 




Fig. 13 . —^LoBg Strip. Diagram of j^formal Component 
Longer Axis inclined to tlie Wind. 
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in the intermediate positions is necessarily greater numerically than 
the normal component. 

Curve H, fig. 13, gives the normal component of the pressure upon 
the same strip of wood with the longer axis inclined to tbe wind. In 
this case the wood was mounted 1 foot from the lever (EF, fig. 1) 
and parallel to it. The curve is drawn from the values of the 
moments in positions I and II, want of time Laving prevented my 
making observations in positions III and lY. The curve shows the 
normal component, and not the moment, and the distances of the 
centre of pressure from the centre of the strip are given in the 
following table, os and 0 having the same meanings as before:— 


aj = 0-10 foot. ^ = 10° 

a? = 0*24 „ 0 = 20 

a? = 0*36 „ 0 = SO 

X = 0*40 „ 0 = 40 

X = 0*37 „ ........ ^ = 50 

cc =: 0*39 „ 0 = 60 


It is probable that the flattening of the curve about the angle of 
50®, and the corresponding departure from symmetry in the relation 
between a? and 0 for that angle, is accidental. The curve is obviously 
wrong at 90®, where the normal component should be zero, but I have 
sought in vain for any explanation of this, and can only put it down 
to the eddy from the frame, which has caused so much trouble in 
other ways. It is not due to any want of balance, so far as gravity 
is concerned. Several trials have been made during the course of 
the experiments to see whether the sliding bar would come to the 
zero mark when the plate and balance weight were removed from the 
apparatus, and it has always been found to do so with very fair 
accuracy. Care has been taken to see that the moving parts were 
properly balanced for weight, and although the pressure upon the 
plate, and consequent deflexion, has no doubt slightly altered the 
balance while the apparatus was moving, the error so caused is very 
trifling, at least so far as the foot square plate is concerned. 

In conclusion, I must say that I am sorry not to have been able to 
clear up the different inconsistencies better, and not to have been 
able to draw the curves for the normal component with a greater 
certainty of their being accurate. 
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V. On the Action of Oils on the Motions of Camphor on the 
Surface of Water.’’ By Charles Tomlinson, F.R.S. 
Received May 26, 1890. 

In Lord Rayleigh’s paper on the above subject, read before the 
Royal Society on the 27th March last, and reported in ^ NTature ’ of 
the 8th May, it is stated that a film of olive oil, in two or three cases, ' 
“was incompetent to stop the camphor motions upon a surface 
including only a few square inches.” 

I have often noticed this fact as a consequence of the use of 
chemically-clean materials. Water, contained in a shallow glass 
vessel, 4 inches in diameter, on the surface of which camphor frag¬ 
ments were active, was touched with rape oil delivered from the point 
of a penknife. The fragments continued to rotate on that part of the 
surface which had not been invaded by the oil film Q Phil. Mag.,’ 
November, 1873). I had previously noticed that a drop of a volatile 
oil, free from oxidised products, could be spread over the whole 
surface of the water, without impeding the motion of the camphor 
fragments, which skated through and out up the film. In the case of 
old volatile oils, redistillation was found to be necessary (‘Phil. 
Mag.,’ September, 1863). A similar effect was produced by a drop 
of creosote (or its constituent acids) on a film of a fixed oil that com¬ 
pletely covered the surface of the water. The creosote repels the oil 
film, cuts it up in all directions, moving over the surface with great 
vigour (‘ Phil. Mag.,’ June, 1867). So also by attention to chemical 
purity, a raft of mica carrying a bit of camphor will float about 
briskly on the surface of water night and day during a whole week 
and upwards (* Phil. Mag.,’ December, 1869). 

By attending to the chemical purity of the materials the results 
led to the explanation of *many phenomena which had taken refuge 
under the vague term “ molecular change,” or “ molecular condition,” 
and to the discovery of other phenomena which had some influence in 
developing theory. I proposed to apply the term catharised to bodies 
thus made chemically clean, from /ca0apo9, “pure” or “clean” 
(‘ Journal of the Chemical Society,’ April, 1869; also ‘ Phil. Trans.’ 
for 1870). 

I may be allowed to add that, in arriving at the true theory of the 
camphor motions and their varied kindred phenomena, Professor Yan 
der Mensbrugghe was kind enough to refer to me in his second 
memoir, as “ le physicien qui a le mieux prdpard la vraie theorie de 
ces phenom^nes.” 
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VI. “ On the Plasticity of an Ice Crystal. (Preliminary Note.)’^ 
By James C. MoConnel, M.A. Communicated by E. T. 
Glazebrook, r.R.S. Received May 29, 1890. 

Two years ago, in the ^ Proceedings of the Royal Society,’ was 
published an account of some experiments on the plasticity of ice 
made by Mr. Kidd and myself. We proved the oft-repeated state¬ 
ment, that glacier ice is not plastic under tension, to be erroneous, 
and, indeed, that an ordinary bar of ice composed of several crystals 
will yield continuously either to pressure or tension. But we found 
that a bar cut out of a single crystal with its length at right angles to 
the optic axis showed no signs of continuous stretching, even when 
subjected to half the breaking stress; and other experiments con¬ 
vinced us that an ice crystal will not change its shape under either 
tension or pressure applied at right angles to its optic axis. These 
results seemed to render it highly probable *that an ice crystal was 
not in any way plastic, and though, after the winter was over, we 
wished that we had varied our experiments more, yet we quite 
expected further experiments only to have corroborated the perfect 
“ brittleness ’’ of a single crystal. 

Last winter I resumed the experiments alone. Cutting small bars 
from uniform crystals, I supported their ends and hung weights half¬ 
way between the supports. The result was the discovery of a peculiar 
kind of plasticity in an ice crystal. The clearest idea of the nature 
of this plasticity is given by the following analogy:—A crystal 
behaves as if it were built up of an infinite number of indefinitely 
thin sheets of pap*er fastened together with some viscous substance 
which allows them to slide over each obher with considerable diffi¬ 
culty ; the sheets are perfectly inextensible and perfectly flexible. 
Initially, they are plane and ‘perpendicular to the optic axis; and 
when by the sliding action they become bent, the optic axis at any 
point is still normal to the sheet at that point. Thus, when a bar 
with the optic axis transverse to its length is placed so that the axis 
is horizontal, and the sheets of paper consequently vertical and longi¬ 
tudinal, it refuses to take any plastic bend, howevex’ long the weight 
be applied. If the bar be now turned over, so that the sheets of paper 
are horizontal, quite a short interval suffices to produce a decided 
permanent depression of the middle of the bar. In such a case, long 
narrow bubbles in the ice originally vertical remain vertical, but the 
optic axis bends with the bar, so that in one half of the bar it is 
inclined to its position in the other half. The sides of the bubbles 
were unbroken by steps or faults,” showing that the sliding did 
nbt take place at a limited number of surfaces, but was an aU- 
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pervading molecular effect. This conception fully explains our 
results of two years ago that bars of ice with the axis transverse 
yield neither to pull nor thrust. If we had tried a bar with the optic 
axis oblique, it would have stretched readily enough. 

The rate of distortion was very irregular, showing a strong ten¬ 
dency to increase with the length of time for which the weight was 
applied. When extra weight was put on, the rate increased more 
than in proportion to the weight itself, but less than in proportion to 
its square. The effect of temperature was generally masked by these 
others, but there could be no doubt of its existence; the rate at —2° 
being in one case twice or three times as great as cceteris jparibus at 
- 10 °. 

Plasticity, due to sliding planes (G-leitflachen), has been shown to 
exist in rock salt, Iceland spar, &c., by Reusch and others. In rock 
salt these planes are parallel to the faces of the rhombic dodecahedron, 
and in general there are several different sets. As long ago as 1867, 
Reusch suggested their existence in ice as a means of explaining the 
observed plasticity. I find that the observation that an ice crystal is 
plastic was made by Hagenbach in 1881, but he did not further 
investigate the matter. 


Vn. ^^Preliminary Note on a New Magnetometer.” By W. 
Stroud, D.Sc., Professor of Physics, Yorkshire College, 
Leeds. Communicated by Professor A. W. R&oker, P.R.S. 
Received May 30,1890. 

The determination of the horizontal component of the earth’s mag¬ 
netic field is of great importance, not only for the purpose of magnetic 
surveys, but also for the determination of the absolute strength of an 
electrical current, a measurement frequently required, not only for 
scientific work of various kinds, but also for the calibration of 
ammeters and voltmeters, and other electrical measuring instruments. 

The usual method of measuring this important quantity is that of 
Gauss, but the method is so long and laborious, and the apparatus 
requisite for accurate determination so expensive, that the measure¬ 
ment of H is avoided whenever practicable. The writer, having 
devised an instrument capable of determining H with great expedition 
and accuracy, ventures to think that a description of the instrument 
may not be without interest. 

Gauss’s method consists, as is well known, in finding (1) the deflec- 
• tion produced upon a small magnetic needle by a large magnet of 
moment M, placed at a known distance from, and in a certain position 
with regard to, the needle; and (2) the time of vibration of the 
deflecting magnet when suspended so as to oscillate in a horizontal 
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plane about its position of equilibrium. Tbe first operation gives tbe 
value of M/H, or ratber would give it if tbe distance between the 
poles of the defiectors were known. To measure and allow for tbis 
requires a second experiment, wben tbe distance from the needle is 
altered, and tbe new defiection read. In tbis way two simultaneous 
equations are obtained, from wbicb, by elimination of tbe distance 
between tbe poles, an equation is obtained involving M/H as tbe only 
unknown. Tbe second operation gives tbe product of M and H, or 
ratber would give it if tbe moment of inertia of tbe magnet about its 
axis of oscillation were known. As tbis quantity is not directly deter¬ 
minable, a second equation bas to be obtained by increasing tbe 
moment of inertia by a known amount, and determining tbe new time 
of vibration. In tbis way two more simultaneous equations are 
obtained, from wbicb, by elimination of tbe unknown moment of 
inertia, tbe value of MH is obtained in terms of measurable quan¬ 
tities. 

Doubtless Gauss’s method is excellent wben tbe moment of inertia, 
as well as tbe distance between tbe poles of tbe deflector, is wanted, 
but wben these quantities are not required (and they never are) a 
more direct method is very desirable. In a magnetic survey, no 
doubt, tbe determination would be shortened by measuring, once for 
all, tbe moment of inertia of tbe deflector, and possibly tbe distance 
between tbe poles. 

In place of tbe laborious dynamical method of measuring MH, 
various statical methods have been suggested and employed, notably 
by suspending tbe deflecting magnet bifilarly and approximately east 
and west. Tbe instrument to be described consists of a deflecting 
magnet of peculiar form, suspended bifilarly and approximately east 
and west; in tbis case tbe lower end of tbe bifilars will be turned 
through an angle wbicb forms a measure of MH. Tbis magnet at 
tbe same time acts at a known distance as deflector to a little magnet, 
tbe deflection of wbicb is a measure of M/H. Hereafter tbe deflecting 
magnet will be, for brevity, referred to as tbe “ magnet,” tbe little 
deflected magnet as tbe “ needle.” 

Tbe magnet consists of a piece of fine pianoforte wire, some 100 cm. 
long, and 0*06 cm. in diameter, bent into tbe form of a circle, or 
approximately so, tbe two ends being soldered together “end-on,” 
with no overlap. Tbis is magnetised similarly to a Gramme arma¬ 
ture, with a north and south pole' at opposite ends of a diameter (by 
placing it with tbis diameter between tbe two opposite poles of a 
weak electromagnet), and so suspended from tbe bifilar arrangement, 
that, wben tbe bifilars are vertical, tbe magnet lies with its plane 
vertical, and approximately east and west, and with its magnetic axis 
approximately horizontal. In i-ts position of equilibrium, tbe couple 
wbicb tbe earth exerts upon it is MH cos 0, where M denotes the 
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magnetic moment of the magnet, H the horizontal component of the 
earth’s magnetic field, and 6 the azimuthal deflection of the magnet. 
The couple exerted by the weight W attached to the bifilars is 
‘WddJ 

—— sin where d, d! are the distances between the upper and lower 
ends of the hifilars, and I is their length. Hence we get 


MH = 


Wdd\ 


( 1 .)- 


At the centre of the circular magnet there is suspended the little 
needle, which will be deflected from the magnetic meridian through 
an angle 0 . In its position of equilibrium the couple exerted by H 
is equal to the couple exerted by the magnet. The former couple is 
mH sin <j> where m is the magnetic moment of the needle. Let us 
imagine for the moment that the whole of the magnetism of the circu¬ 
lar magnet is concentrated at two points, one at each end of a hori¬ 
zontal diameter, and let each pole have a strength p.. The intensity 

of field at the centre is ^ from each pole, or together where r de¬ 
notes the radius of the circular magnet; so that, neglecting the distance 
between the poles of the needle, the couple exerted on it by the 
magnet will be 


— 3 -cos( 0 —d) or cos ( 0 - 0 ); 



( 0 — 0 ) = H sin 0 ; 


M_ r3sin0 

‘ * H ~ cos ( 0 — 0 )’ 

whence W to e cos (^-g> . 

4ilTr sin 0 . ^ 

If the distances between the bifilars and their length be so ad¬ 
justed that (p =: 0, ^.e., that the magnet and the needle turn through 
approximately the same angle in the same sense, then 


4Zr2 sin 0 

Or, if the deflections 0 , 0 be read ofl in the usual way with telescope 
or lamp and scale, then, to a certain degree of approximation, 


Wdd/ e 
4Zr^ 0* 
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Tlins H is determinable in terms of a mass, the value of the accele¬ 
ration of gravity at the place, certain distances, and tbe ratio of 
two deflections. 

A possible modification of tbe method consists in making 6 accu¬ 
rately equal to 0 by varying W, d, or Z, or, better, by turning the 
upper end of the bifilars through a known angle. So far, however, 
the writer has preferred to adjust the constants of the instrument so 
that for H = 0*18, 6 shall be nearly equal to 0. It wdll be noticed 
that if telescope and scale be used there is no necessity to deter¬ 
mine the distance of the scale from the magnets except very roughly 
indeed, as we are requiring the ratio of the tangent and tbe sine of 
two not very large angles. Thus the necessity of measuring two 
angles of deflection instead of one as in Gauss’s method is really an 
advantage, as it obviates the necessity of determining either angle 
absolutely.* 

The special feature of the circular form of deflecting magnet is 
this—^that it is a matter of utter indifference what the distribution 
of magnetism in it may be, provided it be circular and the little 
needle be at the centre. This can be readily seen, for if we imagine 
some north-seeking magnetism situated at an angular altitude % re¬ 
ferred to the centre, the earth’s moment on this will vary as cos 
but at the same time the intensity of field at the centre resulting 
therefrom and measured horizontally varies as cos % too, so that not 
only is the position of the magnetic axis unimportant, but the dis¬ 
tribution of magnetism may even be irregular without invalidating 
equation (2). Moreover, if we are careful in the magnetisation to 
get the poles in something like the right positions, it is not necessary 
that the magnet should be absolutely circular; all that is necessary 
is that the magnet should be circular only in the neighbourhood of 
the poles. In the above equations, then, r will stand for half the 
polar diameter of the magnet. Again, with a magnet of moderate 
dimensions the needle need not be placed rigorously at the centre, 
since it is in a minimum field arising from the action of the two 
opposite poles on opposite sides. To illustrate this, we may take the 
case of a magnet, not unduly large, 30 cm. in diameter; then if the 
little needle, instead of being at the centre, is displaced horizontally 
1 cm. on either side, allowing, in fact, a range of 2 cm., the intensity 
of field at the centre is only increased by 1*2 per cent., so that H will 
be too small by 0*6 per cent. The needle can easily be arranged 
within 2 mm. of the centre, and in this case H will only be aflected 
to 1 part in 11,000. It will thus be seen that even for the most 
accurate work a comparatively small magnet may be used, and the 
little needle need not be placed rigorously at the centre. All the ad- 

* It must be understood that the writer is not recommending that small angles 
of deflection should be used (see Note appended). 
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vantages of this form of deflector have not even yet been enumerated. 
The circular magnet may he made, or, rather, requires to be made, 
very weak indeed ; this arises from the fact that the action of the two 
poles on the needle is a summational instead of being a differential 
one, as in the nsual method of performing the deflection experiment. 
There can be little donbu, too, that it is an advantage rather than the 
reverse to use only weak magnets in determining the value of H. 
Lastly, any variation in magnetic moment arising from changes in 
temperature or other causes does not affect the determination, and, 
what is a matter of some importance in accurate determinations, 
there is no correction corresponding to that required in Grauss’s 
method for the varying inductive action of the earth in the different 
positions which the deflector assumes with reference to the magnetic 
meridian. 


Description of Instrument. 

The instrument consists of a rectangular wooden box, ABOD, 
fig. 1, mounted on levelling screws, and provided with a plate-glass 
window in one of the large vertical sides, “v^hich can be opened for ob¬ 
taining access to the interior. Attached to the upper side of this 
box is a second, EP, also provided with a door for adjusting the 
bifilars Gi-,Q- in position* The little needle IST is suspended at the 
centre of the large box by a silk fibre some 10 cm. long attached to 
a brass arm, K, which is screwed into the side of the box opposite to 
the plate-glass door. Fastened to the needle at right angles to its 
magnetic axis is a plane mirror (P), 1 cm. in diameter. The needle 
and attached mirror are prevented from turning completely round by 
a forked piece of wood, F, which also enables the experimenter to 
observe when the needle is at the centre of the box. 

Soldered to the large circular magnet MMM are two hooks of 
brass of an indented figs* i 2. These are for 

suspending the magnet from the brass bar L, which forms the lower 
end of the bifilar arrangement (figs. 1 and 2). The form of this 
bar is a knife-edge of brass with a V'^^toh, Q, near one end, so 
made with the object of enabling the circular magnet to be un¬ 
hooked and reversed in position. This eliminates any error arising 
from the circumstance that the plane of the circular magnet may 
not be placed accurately magnetic east and west when the bifilars 
are vertical. A long aluminium wire, W, riveted at each end to the 
bar, descends in the form of a wide loop, and carries a plane 
mirror, B», io enable the deflection of the circular magnet to be read 
off* This mirror is placed just below the mirror P, previously 
mentioned, so that only one telescope is needed in reading the de¬ 
flections of both needle and magnet,' Soldered to the bar is a strip 
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of tlxin sheet brass, some 1*3 cm. in width, which is bent over at 
the top to form a wide hook, S, figs. 1 and 2, under which the bifilars 
pass- At the top of the instrument is attached a similar hook, S', 
from which the bifilars are suspended. The widths of these hooks 
(which form the distances between the bifilars at the top and 
bottom) can be read with a micrometer gauge with certaintj to 
0*001 cm., and by estimation more accurately. The circular magnet, 
bar, and attached mirror are made as light as they can possibly be 
made. 

Pieces of wood (X, X) are attached to the bottom and two shallow 
sides of the box in which the circular magnet is suspended in such a 
way as to leave only’about 0*1 cm. clearance for the magnet when it 
is oscillating before coming to rest. As the needle, too, can only 
vibrate freely when within a millimetre or so of the centre, it is clear 
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no observation can be made unless tbe needle is witbin at tbe most 
2 mm. of tbe centre of the magnet. 

To read the deflections 6^ 0, a lamp and scale, or telescope and scale, 
may be used. A slight difficulty arises with a single telescope and a 
single scale when setting up the instrument for the first tim.e, owing 
to the two mirrors not usually making the same or sufficiently nearly 
the same angles with the vertical. Either two telescopes and one 
scale, or two scales and one telescope, may be used; but the best 
plan is to use one telescope and one scale, and to bend the aluminium 
wire supporting the lower mirror till the latter occupies a suitable 
position with respect to the vertical. 

Corrections will have to be made for (1) the torsion of the silk 
fibre suspending the needle, (2) the torsion of the silk fibres suspend¬ 
ing the magnets, and (3) the couple which the little needle exerts on 
the magnet. So far as the first two corrections are concerned, they 
can be allowed for in the ordinary way. For the present instrument 
the first correction afEects H to the extent of one part in a thousand; 
the second is utterly negligible. It is a matter of interest to deter¬ 
mine the magnitude of the couple exerted by the needle on the 
magnet compared with that exerted by the earth. Now, the earth*s 
couple on the magnet = MH cos 0, and on the needle = mH sin 0, so 
that the fractional error in equation (1), made by neglecting this 
effect, would be m sin 0/M cos or, practically, m0/M, which,* for the 
present instrument, would amount to about -g-^, since by experiment 
M = 91 c.g.s. units, and m = 1*5 c.g.s. units and 0 = 10®. This 
correction is then, by no means, negligible, since it would affect H to 
the extent of 1 in 700. The error arising from this source could, 
however, be made very much smaller by diminishing m or, preferably, 
by increasing M. 

The following results have been obtained for the value of H in the 
physical laboratory of the Yorkshire College, Leeds, which was 
designed by Professor Eiicker, so as to be as free as possible from 
iron which could not be removed if necessary. The instrument was 
set up in the middle of the room, the nearest iron being some 4 metres 
distant, and consisting of a grate, roughly in the same magnetic 
meridian as the instrument. This will clearly give a higher value 
for H than if the grate had been removed; but the object of the 
experiments was to determine H, not for Leeds, but for one place in 
the physical laboratory. 

I. May 17th, 1890. Scale, a metre long, placed roughly 97 cm. 
from the centre of the instrument. 

cm. 

Reading for magnet before reversal .. 10*33 

„ ,, j, after ,, .. 52*59 


Difference ., 42*26 
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Mult 

Reading for needle before reyersal..,. 6*21 

»> 5j after „ _ 88*69 

Difference... <, 82*48 

Weight suspended from bifilars = 11*37 grams. 

Length of bifilars measured by cathetometer = 30*07. 
Distance apart of bifilars at top = 0*5092 inch = 1*293 cm. 

77 „ below = 0‘5173 „ = 1*314 „ 

Diameter of circular magnet = 27'50 cm. 

From which data H = 0*1803. 

ft 

II. May 20, 1890. 4 -p.m. Scale 2 metres long, placed 2 metres 
from instrument. Distance between bifilars below altered and weight 
changed in consequence. 

cm. 

Reading for magnet before reversal .. 153*66 

j, jj after « 77*34 

Difference .. 76*32 

cm. 

Reading for needle before reversal.... 191*76 

,, j, jj after ,, »•.. 25 40 

» _ 

Difference.... 166*36 


Weight = 11'89 grams. 

Distance between bifilars below = 0*5126 inch = 1*302 cm. 
Length of bifilars = 27*81 cm. Other constants as before. 

H = 0*1805. 


May 20. 5 p.m. 

Constants same as in II. 

em. 

Reading for 

magnet before reversal .. 

15369 

” . » 

„ after „ 

77-72 


Difference.. 

76-97 



om. 

Reading for 

needle before reversal.... 

192-51 

91 

after „ . * . • 

26-67 


Difference.. ,. 

165-84 


TJ 2 


H = 0*1803. 
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By comparing experiments II and III, it would seem that the mag¬ 
netic moment of the magnet had altered, probably owing to handling. 
This alteration does notj however, in any way affect the result, except 
in so far as the magnet itself expands with rise of temperature. 

Seeing that these results have been obtained with a rough instru¬ 
ment made on the premises, and with very inferior mirrors, the 
method seems very satisfactory. 

For the determination of the strens^th of a current in absolute 
measure the writer would suggest placing two coils of wire, each of 
known geometrical form, the one with its plane in the magnetic 
meridian on the east side of the instrument, the other similarly on 
the west side with their axes passing through the centre of the 
needle. The two coils attached to the instrument would form in fact 
a Helmholtz standard galvanometer with the addition of the circular 
magnet with bifilar suspension. Observations of (1) the deflection of 
the circular magnet on reversal; (2) the deflection of the needle 
under the action of the circular magnet; (3) the deflection of the 
needle when the circular magnet is removed altogether and the 
current traverses the coils will give the value of the current in 
absolute measure correct, it is helieted, to one part in a thousand if 
the geometrical constant of the coils can be determined fco that degree 
of accuracy. 

Now an interesting point arises in connexion with the possible 
accuracy attainable by this method. The writer believes that with 
apparatus of the dimensions described therg, is no diflSculty in 
determining each one of the quantities d\ I readily to the part. 
With a telescope the deflections 0^ 0 can certainly be relied upon to 
that degree of accuracy, at all events if <f> are each more than 5®. 
A little uncertainty arises in connexion with the measurement of r, 
and this is very important, as H oc r-t. Is the pole to be considered 
at the middle of the wire of the circular magnet, or nearer the surface 
of the wire, and if so on T^ich side? This question cannot; be 
answered with certainty. Beckoning from the middle of the wire in 
determining the distance between the poleSj the maximum error 
possible in a wire of 0*06 cm. diameter is 0*03 cm., and this with a 
•radius of 13 cm. gives, 1 part in 300 as the extreme error that could 
he made in H. We may, however, be nearly certain.-that the pole 
cannot be more than half the radius of the wire distant from its 
.centre. We may therefore say that about 1 in 500 represents the 
possible error ijx H arising from this cause. Clearly, however, it is 
advisable ou all accounts to replace the circular wire of the magnet 
by a flat steel ribbon bent into the form of a circle. 

It will he noticed that the effect of variation in temperature in 
altering the value of the constant of the instrument can be allowed 
for with great accuracy, as the coefficients of expansion of the 
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diflEerent metals used in tlie construction of fclie instrument are known 
witk suf&cient accuracy. It is probably better not to include the 
length of the bifilars in the constant of the instrument, except for 
rough work, as both variation in temperature and in the hygrometric 
state of the air will produce sensible alterations in length. 

An objection may be taken to the method when very accurate 
determinations are desired on the ground that a knowledge of the 
value of *the acceleration of gravity at the place of observation is 
requisite before absolute determinations can be calculated. The 
writer believes, however, that a quartz fibre suspension for the magnet 
would be preferable to the bifilar for magnetic survey work. It is 
perhaps needless bo say that provision would be made for clamping 
magnet and needle during transport. To convert the readings of the 
instrument into absolute measure, it will be necessary to determine H 
at as nearly as possible tbe same place and at the same time by com¬ 
paring the indications of the instrument with those of a large 
standard instrument of the bifilar type previously described. 

In connexion with the erection of such a standard instrument, the 
points to be borne in mind are, tbat all corrections arising from 
(1) torsion of the silk fibres, (2) uncertainty in the position of the 
poles of the large magnet, (3) couple exerted by needle on magnet, 
shall be made as small as possible. To effect this, the bifilars should 
be longer, the magnet should be made of thin band steel instead of 
wire, and tbe diameter of this magnet should be increased in order 
that r may be measured more accurately, and in order that the magnetic 
moment of the large magnet may be increased without unduly 
increasing the deflection of the needle. The writer is at present 
engaged in erecting such an instrument in the physical laboratory of 
the Yorkshire College, and hopes to be able to attain with it results 
approximating in accuracy to 1 part in 10,000. 

In conclusion, the present method of determining H is believed to 
be very much superior to Gauss’s in the following respects;— 

(li) The necessity of making a determination of a time of vibration 
(always a tedious operation) is avoided. 

(2.) The determination of a moment of inertia is avoided. 

(3.) The determination of the distance between the two poles of 
the deflector is avoided. 

(4.) Variation of magnetic moment of the deflector during the 
progress of an experiment produces no error; neither does variation 
in indnotive action of the earth produce an error. 

(5.) The magnet needs only to be very feebly magnetised, as its 
action on the needle is due to the sum of the actions of the two poles. 

(6.) The time occupied in a determination of H is only a few 
minutes when once the constant of the instrument has been 
determined. 



•270 On a new Magnetometer, [June 19, 

C^O Tlie instrument, exclusive of telescope and scale, can be made 
jat a very small cost. 

[Note added June 17.—In comparing the aecnracj of the pro¬ 
posed instrument with the Kew, it is necessary to distinguish between 
the determination of ISf in absolute measure, say, for laboratory pur¬ 
poses, such as the measurement of the strength of electrical currents, 
and determinations where the requirements are the estimation of 
differences in the value of H at different stations, say, for the purposes 
of magnetic surveys. For an absolute determination a great deal 
can be said for an instrument in which the only measurements are 
certain angles, certain distances, and a certain weight, and which 
does not require a determination of the influence of the earth’s 
inductive action on the magnet, nor of the variation of the magnetic 
moment of the magnet with temperature, nor of the position of the 
poles of the magnet. With reference to magnetic survey work, a 
•comparison may be instituted between the Kew instrument and that 
under discussion by assuming the constants of each to be known; then 
in each case angular deflections are being measured, and other things 
‘being equal, the accuracy obtainable will be approximately propor- 
tipual to the magnitude of the angles observed. Now in the Kew 
instrument, the deflection produced by the deflector in its near posi¬ 
tion is about 24°, and an its far position about 12°. Something like 
the difference between these deflections, or 12°, will represent the 
order cff angle to be estimated as accurately as possible. It is not 
possible in the Kew instrument to materially increase these angles 
without unduly increasing the influence of the distribution of magne¬ 
tism in the deflector. In the present instrument there seems to be no 
reason why deflections of 45° or thereabouts should not be obtained. 
This reasoning would seem to show that the present instrument could 
be made considerably more sensitive than the Kew. 

It need, perhaps, scarcely be mentioned that the writer is not advo¬ 
cating the use of telescope and scale for measuring the angular 
deflections in preference to an azimuth circle. The former method 
(quite unsuitable for measuring large angles) was only adopted in 
the first instance to roughly test the capabilities of the instrument in 
the absence of any graduated circle. In a final instrument all the 
deflections will be referred to a graduated azimuth circle, as in the 
Kew instrument at present- 

A few points of detail may be just mentioned in conclusion:_(1.) To 

eliminate any error e/rising in the bifilar suspension from the distance 
between the centres of the silk fibres being slightly different from 
the breadth of the metal hook, the writer proposes to control the 
idistance between the upper ends of the bifilars from the outdde by 
a.u aperture in a piece of metal, and to control the distau-Qc between 
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the lower ends from the indAe by the breadth of the hook. If now 
the distances between the fibres top and bottom are nearly the same, 
no sensible error will be made by taking the product of these distances 
as equal to the product of ihe breadth of the book and the width of 
the metal aperture. (2.) To render the controlling couple produced 
by the deflected bifilars independent of temperature, it is proposed to 
select metals with appropriate coefficients of expansion for regulating 
the dimensions of the bifilars -top and bottom, and to alter the length 
of the silk fibres by an appropriate arrangement, so that a pointer 
attached to the hook at the lower end shall always come to a fiducial 
point upon a strip of brass attached to the metal framework which 
forms the upper suspension. The neatest way of doing this seems to 
be to cement the plane and silvered side of a short-focus plano-convex 
lens to the strip of brass, and to arrange its position with reference 
to the pointer so that the tip of the latter is exactly in the focus of 
the lens. In this position the tip and its reflected image will appear 
just in coincidence, and if necessary a lens may be provided in the 
side of the instrument for observing the relative positions of the 
pointer and its image and adjusting them to coincidence.] 


VIIL On the course of the Fibres of the Cingulum and the 
Posterior Parts of the Corpus Callosum and of the Fornix 
in the Marmoset Monkey.” By Charles E. Beevok, M.D., 
F.R.C.P. Communicated by Professor Ferrieb, F.R.S. 
Received June 12, 1890. 

(j^bstract.) 

This paper has for its scope the investigation by the microscope of 
the course of certain fibre-traci^ in the brain whiph have not 
hitherto been minutely examined. 

After an introduction showing the difficulties of tracing these 
fibres by dissection and by other means, the method of investigation is 
given. This consisted in cutting serial sections of the brain of the 
Marmoset Monkey (Sapale jactans and penicillata) after hardening 
in bichromate of potash; the sections were stained by Weigert’s and 
also by Pal’s haematoxylin methods, whereby the fibres are diffierenti- 
ated. In this way, a complete series of sections was made in the 
sagittal and horizontal planes, and almost a complete series in the 
frontal direction, and by combining the appearances found in the 
three planes, a mental picture of the whole could thus be obtained. 

In the description of this brain, emphasis is laid on its small size, 
which renders it very easy of manipulation, while, from its high 
position in the animal scale, its general arrangement is comparable 
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with the brain of man. Moreover, the slight amount of convolution 
on its median surface is a very great advantage in tracing fibres; 
this is especially the ease with the calloso-marginal sulcus, the 
absence of which enables the fibres of the cingulum to be followed 
in a way not obtainable in the brains of other apes and of man. 

The cingulum^ or the fibres of the gyrus fornicatus, is described in 
three parts:— 

1. Horizontal, above the corpus callosum; 

2. Anterior, in front of this body; 

3. Posterior, from behind the corpus callosum to the anterior end 

of the temporo-sphenoidal lobe. 

The horizontal part consists, not of fibres extending through its 
whole length, but of internuncial fibres coursing between the gyrus 
fornicatus and the centrum ovale; the anterior part connects the 
olfactory nerve with the frontal region; the posterior part contains 
internuncial fibres between the gyrus hippocampi and the inferior 
surface of the temporo-sphenoidal lobe. 

The cingulum is not connected with the hippocampal lobule and 
its contained nucleus amygdalae, as was considered by Broca. 

Reference is made to an operation in the monkey, performed for 
the author by Professor Horsley, in which the cingulum was divided, 
producing degeneration in it in a posterior direction. 

Prom the relation of the gyrus fornicatus to sensation found by 
Professors Horsley and Schafer, it is suggested that the cingulum 
joins this gyrus representing sensation with the part of the centrum 
ovale connected with the so-called motor cortex. 

The calcarine fibres bounding the calcarine fissure are described as 
internuncial fibres analogous to the cingulum, and the superficial fibres 
of the gyrus fornicatus are considered to be a- separate tract and not 
part of the cingulum. 

The posterior part of the corpus callosum is described in three 
parts:— 

1. The body^ giving off the tapetum to supply the cortex bounding 

externally the posterior and descending cornua of the lateral 
ventricle. 

2. The splenium, ending in the forceps major, sending fibres to the 

inner part of the occipital lobe below the calcarine fissure. 

3. An intermediate jpari between the two former, forming with the 

tapetum the roof of the posterior cornu, and supplying the 
cortex of the upper lip of the calcarine fissure. 

Ho connexion between these fibres and those of the internal capsule, 
as described by Professor Hamilton, can be found. 

The fornix comprises the body and the posterior crura. The 
body can be separated, while in the septum lucidum, into (1) a 
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median and (2) a lateral part. The median part can be traced 
horizontally backwards into the septum between the body and the 
splenium of the corpus callosum, but not to join the cingulum as 
described by Meynert. The lateral fibres descend the lateral 
ventricle, becoming the taenia hippocampi or fimbria, and end in the 
cortex of the cornu Ammonis, while the alveus of this body receives 
fibres from its cortex, and then passes to its under surface to send 
fibres to the inferior surface of the temporo-sphenoidal lobe. Besides 
these parts, there are the transverse fibres connecting the cornua 
Ammonis of opposite sides. 

Particular attention is directed to the different degree of staining 
by Weigert’s method of the corpus callosum, fornix, and t^nia 
semicircularis, of which the last is scarcely coloured, suggesting that 
it is a degenerated or non-developed structure. 


IX. “ On the Changes produced in the Circulation and Bespira- 
tion by Increase of the Intracranial Pressure or Tension.” 
By Walter Spencer, M,S., Assistant Surgeon to West¬ 
minster Hospital, and Victor Horsley, B.S., F,R.S. Re¬ 
ceived June 12, 1890. 

(Abstract.) 

The authors have made for some time the effect of an increase in 
intracranial pressure or tension the subject of an experimental 
inquiry, and they have in this paper recorded the results obtained, in 
so far as the increase of intracranial pressure affects the circulation and 
respiration. 

They conclude that the increase in intracranial pressure influences 
the circulation and respiration through the diminution in the physio¬ 
logical activity of the medulla which it causes, and show that the 
changes produced by the pressure assume a sequence according to the 
degree to which the activity of the medulla is impaired. 

The authors first give an historical resume of the work of previous 
observers, and then a short introduction on some anatomical and 
physiological details which relate to the part of the subject under 
consideration. 

The method chiefly employed of increasing intracranial pressure 
was by inserting a small rubber bag through a trephine bole in 
the skull, and then distending the bag by means of a column of 
mercury, which served to show at once the pressure required to dis¬ 
tend the bag, and the extent to which the bag was distended. 

The capacity of the thin-walled rubber bag, when distended, was at 
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the same time the measurement of the amount to which the cranial 
content had been lessened. 

The results are divided into two classes:— 

T. Those in which the pressure was made on any part of the 
brain. 

IL Those in which it was made by passing the bag into the cavity 
of the 4th ventricle. 

Id the former case the heart, the blood pressure, and the respira¬ 
tion were all afEected in varying degrees ,* in the latter case it was 
found possible to separate the effect upon the heart, the blood pressure, 
and the respiration respectively. 

The following is a summary of the chief results obtained:—- 
I. The Seart —A considerable increase of the intracranial tension 
was required to influence the heart; it became slowed and finally 
arrested. This happened more readily after respiration had ceased, 
and required a higher pressure to produce it when artificial respira¬ 
tion was employed, whilst division of both vagi nerves abolished any 
slowing or arrest. The arrest, when produced, continued permanently, 
unless the pressure was quickly removed, or artificial respiration 
employed, or the vagi divided. But if the pressure was maintained 
whilst artificial respiration enabled the heart to start again, 
then the cardio-inhibitory influence was gradually lost, so that the 
heart returned from being very slow to its normal rate, or increased 
beyond the latter until the rate became equal to that seen after 
division of the vagi. When the vagi were divided at this stage the 
rate of the heart did not alter. But if the pressure were removed, 
and a pause made (the vagi being intact), the cardio-inhibitory 
control was gradually regained, so that the heart could be slowed, or 
arrested afresh. 

The Blood Pressure .—A primary rise, small in the dog, larger in 
the monkey, was followed by a fall distinct from that produced by the 
slowing of the heart, and not necessarily accompanying it. When the 
heart started again the blood pressure rose, finally reaching the level 
seen after division of the vagi, so that no further rise took place when 
this was done. Buc the power of producing a fall of blood pressure 
was easily lost, for when the intracranial tension was raised for the 
second time no fall took place, and the blood pressure continued at a 
normal level or above, even although the heart was greatly slowed. 
After division of the vagi the blood pressure was raised by increasing 
the intracranial tension and by artificial respiration, so that it could 
be maintained at a level between 300 and 400 mm. Hg for consider¬ 
able periods. 

Eespiration .—^This was likewise impaired and arrested. Its arrest 
reacted upon the heart and the blood pressure upon it, so that after 
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the lise of blood pressure respiration occurred, even although a much 
liigher intracranial tension was maintained than had been sufficient 
to arrest it when the blood pressure was lower. 

II. By the direct application of pressure in the upper part of the 
4th ventricle a slowing of the heart with a rise of blood pressure was 
caused, whilst rapid respiration continued, so rapid as even to be 
nearly three times the rate of the heart in some cases. Pressure 
below the calamus scriptorius arrested the respiration without 
directly influencing the heart, whilst in the lower part of the 4th 
ventricle respiration was impeded or arrested along with a fall in 
blood pressure, and some slowing of the heart, followed by arrest, 
after the respiration had ceased. 

Numerous observations are recorded which are, in many cases, 
combinations of the foregoing, and therefore not suitable for con¬ 
densation in this abstract. 

Tracings are furnished illustrating each point advanced. 


X. " On the British Earthquakes of 1889.” By Charles 
Davison, M.A., Mathematical Master at King Edward’s 
High School, Birmingham. Communicated by Professor 
T. G-, Bonnet, D.Sc., F.R.S. Received June 16, 1890. 

(Abstract.) 

The nature of the evidence on which the accounts are founded is 
stated, and the method of study described. If the disturbed area be 
of small dimensions, and if its boundary be approximately circnlar 
or slightly elliptical in form, it is assumed that the centre of the area 
coincides very closely with the epicentrnm of the earthquake. During 
the year 1889 there were at least five earthquakes whose epicentra 
were situated within the area of the British Islands. 

I, Bdmburgh BartTiquahes, January 18.—(a.) First shock about 
4 h. 10 m. Intensity (according to the Rossi-Forel scale, of which a 
translation is given) abont Y, Yery little is known about this 
shock. 

(h.) Second shock, 6 h. 53 m. Intensity YI. The disturbed area 
is slightly elliptical in form, being 30 miles long from north to south 
and 26 ^ miles broad from east to west ; area abont 620 square miles. 
In most places the shock consisted of a single vibration. The charac¬ 
teristic earthquake-sounds were beard in many places, and these places 
are confined to an area which is neither coextensive nor concentric with 
the disturbed area. The epicentrum is at a point about 3 miles W, 
42° S. of Balerno, and the centre of the sound-area about miles to 
the south or south-east of this point. The earthquake was probably 
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connected with the first of the 17.W. and S.E. faults of the Pentlands 
on the north-west side of the axis; a fault which passes close by the 
centre of the sound-area, and has a downthrow to the north-west. 
The inclination of this fault is unknown, but is probably about 75° 
to the horizon; the depth of the seismic force may therefore be about 

miles. It is shown that the earthquake was probably caused by 
the impulsive friction produced by a slip of the fault referred to; 
that this slip took place near the middle of the length of the fault; 
that the slip increased the throw of the fault ; that the slip-area was 
very short, possibly less than a mile in horizontal length, but that it 
extended from a depth of several miles to within a short distance of 
the surface. 

2. Lancashire Larthquahe, Felruary 10,—22 h. 36 m. Intensity YI. 
The disturbed area is nearly circular in form, about 55 miles in 
diameter, and 2480 square miles in area. The nature of the shook 
varied with the position of the place of observation. In, or nearly 
in, a line with the Irwell fault the number of vibrations was gener¬ 
ally greater than in places more remote. As in the Edinburgh 
earthquake, the usual sounds were heard in naany places which are 
confined to a nearly circular area, which is neither coextensive nov 
concentric with the disturbed area. The duration of the sound was 
generally greater at places in, or nearly in, a line with the Irwell 
fault than at places more remote. The epicentrum, which is prob¬ 
ably coincident with the common centre of the disturbed area and 
of the isoseismal line of intensity Y, is at a point 2 miles ISr.N.E. of 
Bolton, and the centre of the sound-area is about 3|- miles S.S.E. of 
the epicentrum. The earthquake was probably caused by a slip 
of the great Irwell fault, which passes close by the centre of the 
sound-area, having a downthrow to the north-east. If so, the slip 
must have increased the throw of the fault. The horizontal length 
of the slip-area was possibly not much more than a mile. The 
seismic focus is perhaps at a depth of about 3| miles, but the slip 
seems to have extended to within a short distance of the surface. 

The excentricity of the sound-aim in these two cases throws light 
on the origin of the sound-vibrations. Seismographic records show 
that near the beginning of an earthquake the period increases with 
the amplitude, and it is suggested that the sound-vibrations are the 
very minute vibrations of short period which proceed from the upper 
and lateral margins of the slip-area. It is pointed out that this 
theory explains all the known characteristics of earthquake-sounds. 

3. Ben Nevis JEJarthquahe, May 22.^—13 h. 58 m. Intensity about 
lY. This shock may have been connected with the great fault which 
crosses Scotland from Inverness in a south-west direction. 

4. Kintyre BarthquaJce, July 15,—About 18 h. Intensity Y. The 
disturbed area is roughly elliptical in form, the longer axis being in 
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a direction about 17. 30° E. to S. 30° W.; it is about 25 miles long 
and 18 miles broad, and about 360 square miles in area. The sound- 
area appears to be coextensive with tbe disturbed area, but tbe 
observations are too few in number to prove tbis. The epicentrum 
is about 3-| miles south-east of Clachan, Dr. Lapworth, in a note to 
the author, describes briefly the geological structure of the disturbed 
area, and remarks that its longer axis coincides in direction with the 
theoretical position of the southern zone of contrary movement in 
that district. 

5. Bast Gomwall Barthqualce, October 7.—About 13 h. 46 m. 
Intensity lY. The disturbed area is elliptical in form, 26 miles long 
and 20 miles broad, the longer axis running east and west, and about 
400 square miles in area. The nature of the shock varied somewhat 
throughout the disturbed area, but its intensity was very nearly 
constant. Hear the centre of the area the earthquake-sounds were 
the most prominent feature, but towards the boundary these died out^ 
The sound-area may, however, have been coextensive with the 
disturbed area, and it is probable that the sound-focus is nearer the 
surface than the seismic focus. The epicentrum is at a point about 
2| miles south-west of Altarnon, which is not far from the centre of 
the great granite boss of eastern Cornwall. The longer axis of the 
disturbed area is also parallel to the axis of folding of the district. 

Doubtful Earthquakes .—Two shocks, supposed to be those of earth¬ 
quakes, are briefly described, but the evidence is insufficient to prove 
their seismic origin:—(1) Little Rhondda Yalley (S. Wales), 
June 22, about 22 h. 30 m.; (2) Lyme Regis, July 6, between 
23 h. and 23 h. 16 m. The former of these may possibly have been 
caused by subsidences of the rock over worked-out portions of the 
coal mines. 

In conclusion, the differences between British and Swiss earth¬ 
quakes are pointed out. The former are rare, and their disturbed 
areas more or less circular, indicating short fault-slips; the latter 
^e frequent, and their disturbed areas elongated, their axes being 
parallel to those of the neighbouring mountain ranges, and the fault- 
slips correspondingly long. They are witnesses respectively of com¬ 
paratively late and early stages in the process of mountain evolution. 
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XI. On the H^onio An«Iy«is of Tidal Obserratioas of Hiah 
and w Wate." By G. H. Din™, F Plnmian PrV 

18 W'''' 

§ 1. Introduction, 

Eztensire use of tlie tide-gauge has only been made in recent years, 
and by far the largest number of tidal records consist only of obser- 

n!uXh obserrationsLye 

usually been^dnced by determining the law governing the relationship 

mor? Ii.W. and the positions of the 

moon and sun. This method is satisfactory so long L the diurnal 
inequalities are small, but it becomes both complex and unsatisfae 

^otetion^ f inequality is large. In such cases the harmonic 

notation for the tide is advantageous, and as, except in the North 
Atlantic Ocean, the dinmal inequality is generally considerable a 
proper method of evaluating the harmonic constants from H akd 
Xi.W. observations is desirable. 

folWed difference between the method here proposed and that 

followed by [Uplaee and his successors is that they introduced astro- 
nomical consideraiaons from the first and applied them to each H. and 
.W., wher^ the positions of the sun and moon will only be required 
here at a smgle instant of time. In their method, Ihe tTe of 
moon s transit, and hence the interval, was found for each tide • the 

were also ^ A paraUaxes and declinations 

were also requmd. An extensive table from the astronomical 

SnTfT-Tf 7® ®*iii reniained the classifica-^ 

n^lf j r according to the age of moon, and two 

l7r?w’ 7 declinations. The classification could hardly be 
less laborious and was probably less mechanical, than the sorting 

STav' probably, therefore, a consiL! 

able saving of labour in the present method, and, besides, I conceive 

nttat£7“’^ satisfactory when expressed in the harmonic 

My object has been to make the whole process a purely mechanical 
one, and although notHng can render the reduction of tidal observL 

form wliicli IS nearly as short as possible. 

The analytical difficulties to be encountered in annli o j- i 

«»". !>.* «.» rf . ^ “ 

mvolve a mmimum of labour and therefore of expense is bv no * 

easy. How far I have succeeded must be left to tbo ° ^eans 

who will, I hope, u^ the methods h^VdevSfd 
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When a question of this kind is attacked, the solution cannot be 
deemed complete unless the investigation is left in such a state that 
an ordinary trained computer is able to use it as a code of instruc¬ 
tions by which to reduce a series of observations, without any know¬ 
ledge of tidal theory. 

An actual numerical example is thus essential, both to test the 
method and to serve as instructions to a computer. The Appendix 
contains so much of the reduction of three months of observation at 
Bombay as will serve as such a code. If the series be longer than 
three months, or in such cases as the proper treatment of gaps in the 
series, it is necessary to refer back to the body of the paper for 
instructions. 

I now pass to the theoretical reasons for the rules for reduction. 

§ 2. Notation. 

The notation of the Report to the British Association for 1883, 
and in use in the Indian tidal work and. else where, is here followed. 

.The eartVs angular velocity is denoted by 7 ; the hourly mean 
motions of the moon, sun, and lunar perigee by <r, 7, -sr (7^, creXi^vri, 
the mean longitudes of moon, sun, and lunar perigee by 
s, \ jp, and the mean solar hour angle by t. The R.A. and longitude 
in the lunar orbit of the intersection of the equator with the lunar 
orbit are v, f; and N is the longitude of the moon’s node. 

The several harmonic tides are denoted by arbitrarily chosen initial 
letters. Those with which we shall principally have to deal are— 

8emi’‘diurnal, 

Kame. Initial. Speed. !E3quilibriTim argument 


Principal lunar M 2 2 ( 7 — 0 -) 2t+2(^— 1 /)—2(s—f) 

„ solar §2 2 ( 7 — 7 ) 2 t 

Lum-solar.... K 2 ^7 2t+2(^—i/") 

Larger elliptic N 27 — 30 - 4 -'®' 2t-f 2(^—i')—2(s—f)~-(s—p) 

Smaller „ L 27 —tf—'zv 2t-|-2(^—i')—2(s—f)’f-( 5 —p) 4 -«r 

JDiumal. 

Luni-solar.... 7 t+(^— 

Lunar . 0 7 — 2 o- t-j-()^—i')—2(5—|^) 

Solar.... P 7—27 t—A-bjTr 


The symbol H denotes the mean semi-range of any one of the 
tides, and k its retardation of phase behind what it would be accord¬ 
ing to the equilibrium theory; f denotes a certain factor of augmen¬ 
tation of the lunar and luni-solar tides depending on the value of N. 

The particular tide to which H, f refer will in general be 
indicated by a subscript small letter, the same as the letter constitut- 
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ing tlie initial of tlie tide. Thus, for example, tlie Mg tide is ex¬ 
pressed hj 

cos (2t+2(7fc—p)— 2 (s— 

I liaye allowed a departure from ttis notation in ’the case of 
the tides Kg and K^, where I write H", ic", f' for the first, and 
k\ f for the second. The angles and v' (which, like v and 
5 are functions of IT) are also involved in the arguments* (or angle 
under the cosine in the expression for the height of the particular 
tide) of these two tides. 

It is obviously necessary to suppose the reader to have some 
acquaintance with the harmonic notation, or it would be necessary to 
repeat the Report on Tides above referred to. 


§ 3. The General Method of Treating JEL, and L. W. Observations. 

Noon of the day on which the observations begin is to be taken as 
the epoch, and the mean solar time elapsed since epoch is noted by t. 
P with the proper subscript letter denotes the increase of argu¬ 
ment since epoch; for example, Vm, == 2 ( 7 —ff)^. 

Then the height of the water A, estimated from mean sea-level, is 
expressed by a number of terms of the form A cos Y+JB sin F, or, in 
an alternative form, R cos (F—f). 

In order to explain the principle of the method proposed, let us 
take two typical terms involving Vp and F^, and let the rates of 
increase of be p, and of F^ be 

Then we have 


Ji = Ap cos Yp-^Bp sin Yp-\-A^ cos F^+Rjsin F^ . ( 1 ). 

Since at H. or L.W. ^ is a maximum or a minimum, we must 
have— 


0 = Ap sin Yp—Bp cos Yp+^A^ sin Yq^-^B^ cos Yq , 


Let us write 






— JC/f 


( 2 ). 

(3). 


Then multiply (1) by cos Yp and (2) by sin Yp, and add; and 
again multiply (1) by sin Yp and (2) by cos Yp^ and subtract, and we 
have— 


h cos Yp=^ Ap+JLq (cos Yp cos Yq-\~hq sin Vp sin Fg) 
+j5g(cos Yp sin Yq-’hq sin Yp cos Fg), 

> 

h sin Yp^Bp-\‘kq (sin Yp cos Yq—Tcq cos Yp sin Fg) 
+Rg (sin Yp sin Fg+^jg cos Yp cos Fg).^ 



* It is well to explain that I have sometimes elsewhere used argument to denote 
the argument according to the equilibrium theory, that is to say, with jc equal to 
zero. In this paper I call the latter the equilibrium argument. 
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Lets 

2 = i cos +1 cos (F^+F^) = 

A! = cos {y^—F^) —-2 cos Fgf) = 

<r= iBmiVp^r^)+^sm(Y^+r,) ^ 

^ ^ = ^siii(T^—Fjf)--^siii (T^>f F^) =—cos T^smFgJ 
Also let 


cos Yp cos Yq,‘ 
sin Yp sin F^, 


sin Yp cos F^, 


(5). 


f — <7 4“ 

g = 


F= 24 -ArjA, 

G}" ss:—jfcjO'j 

Then onr equations are— 

^cos = Ap+¥Aq-\‘GB^^'^ 
hsiiiVp=^ Bp+iAg-\-gBq, J 


} 


( 6 ). 


(7). 


A similar pair of equations will result from each H. and L.W. 
When a series of tides is considered, we may take the mean of the 
equations and substitute a mean F, Gr, f, g. 

The general principle here adopted is to take the means over such 
periods that the mean F, G, f, g become very small. In fact, we 
shall, in several cases, be able to reduce them so far that these terms 

are negligible, and get simply 


1 


Yfi = ; but in other cases, 

olXL •J^'p * 


where what is typified as the^p tide is a small one, whilst one or more 
of the tides typified as q is large, it will be necessary to find F, G, f, g. 
The finding of these coefficients is clearly reducible to the finding of 

the mean values of gi^(yipiy?)* 

Another useful principle may be illustrated thus: if the q tide does 
not differ much in speed from the jp tide, we may pu-c Fg = yjj 4- vt, 
where is a small speed. Then we write 


h = E^cos (FJ,— 5p)4-JS^cos (1^4“*'^—?^) 

= cos T^{j5^ cos 4-^2 cos (i'^—fj)} 

4 - sin Yp{ Ep sin sin (yt—'tq) }• 

If we neglect v/p, the condition for maximum and minimum in 
conjunction with this gives 

h cos Yp = E^ cos J^ 4 -E^ cos 

^ sin Yq^ Bp sin E^ sin (vf— 

VOIi. XLTin. X 
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Tlien taking the mean of these equations over a period begin¬ 
ning with i = 0 and ending when t = Trjp, we have (writing 
jdjj ~ Pjj cos jBp ~ P»jp sin 

cos Vp — Ap-\r cos (a— fj), ‘ 

sin Vp = Bp-^XE^ sin (a— g'^), 

where \ and o? are certain constants, depending on the sum o£ a 
trigonometrical series. 

Again, if we take means from t = jr/y to i = 29r/v, the second terms 
have their signs changed. 

Hence the difference between these two successive sums will give 
XBq cos (a. — ^q) and XEq sin (a—g*^). There will be usually two terms 
such as those typified by q, and we shall then have to take two other 
means, viz., one beginning at 9r/2i^ and ending at Swl2v, and the other 
beginning at 39r/2v and ending at 57r/2i/. From the difference of 
these sums we get —XEq sin («—g*^) and XEq cos (a—g'j). From 
these four equations the two Eq^s and the two g'^’s are found. The 
solution is a little complicated in reality by the fact that it is not 
possible to take t = 0 exactly at the beginning of the series, because 
the first tide does not occur exactly at noon, but this is a detail which 
will become clear below. 

When all the A’s and P’s or P’s and g’’s have been found, the posi¬ 
tion of the sun and moon at the epoch, found from the l^autical 
Almanac, and certain constants found from the Auxiliaiy Tables in 
Baird’s ‘ Manual of Tidal Observations,’^ are required to complete 
the evaluation of the H’s and jc’s. 

The details of the processes will become clear when we consider 
the various tides. 

It may be worth mentioning that I have almost completely 
evaluated the F’s and G’s, which give the perturbation of one tide 
on another, in the case considered in the Appendix. Without giving 
any of the details of the laborious arithmetic involved, it may suffice 
to say that the conclusion fully justifies the omission of all those 
terms, which are neglected in the computation as presented 
below. 

§ 4. IJhe tides N” and L. 

These are the two lunar elliptic tides. 

For the sake of brevity all the tides excepting Mg, N, L are 
omitted from the analytical expressions. 

Since = Fm —Vi = 7^+'5 r)if, 

* Taylor and Francis, Fleet Street, 1886. 
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the expression becomes 

Ih -4atCOS T^-4“-^«tSin Fjn-h-jKtt cos {[F«t— (cr—^] 

-}-E«cos [Fot+'C^t—J z], 

=i COS T^{-4 ot,4”-S>»cos [|(<r—'zr)i4*'S»] CC^—'®*)^— 

4- sin sin [(<r~-5r)i4‘Tj [(ff—'zir)^-g>]}. 

Hence, taking into account the equation ^hich expresses that h is 
a maximum or minimum, and neglecting the variation of 5—p com¬ 
pared with that of F^, we have— 


h cos Ym = 4,»4-ifc*cos [(<7—<50s [(ff—w)i—"j 

>-( 8 ). 

h sin F» = sin sin [(<7—fz] J 

The mean interval between each tide and the next is 6*210 hours. 
Then if e be the increment of s—p in that period (so that with <7—-sr 
equal to 0°**54437 per hour, e is equal to 3°*3807), and if u, h be the 
values of(<7--iar)^-f“tit and (<7—'Ztr)i—g/atthe time of the first tide under 
consideration, the equations corresponding to the (r + 1)^^ tide are 
approximately— 

Ji cos Vm = Am 4- Bn COS (u 4“ re) 4“ Bi cos (h 4- re ), 

Ti sin Ym = J5m4-i2» sin {a-\-re)—‘Bi sin (Jb-^re) 



If we take the mean of w. 4-1 successive tides, the two latter terms 

on the right of (9) will be multiplied by and the r in the 

(tz.4“l) sin- 2 © 

arguments a 4-^6? 6 4-re, will be equal’to If the (%4-2)* tide 
falls exactly a semi-lunar-anomalistic period later than the first, 
(»4-l)e == r-. On account of the incommensurability of the angular 
velocity <7—®' this condition cannot be rigorously satisfied, but if the 
whole series of observations be broken up into such semi-periods, 
then on the average of many such summations it may be taken as 
true. 

Then, since Je is a small angle, 

(w4-l) sin = -^tt, and sin ^n+\)e = 1; 


hence the factor is 2/3r. 

Again = -Itt — thus, if w 4-1 is the mean number of tides 
in a semi-anomalistic period, our mean equations are— 


9r 

7'»—i.n} =—JBasin (a—^e)—Sisin (6—4«), 


1 > ( 10 ), 


2 ( ir+l) ^^^ 'T’a--®*} = A cos (a—ie) —JS«cos | 

X 2 
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where the snmmations S are carried out over the first semi-luuar- 
anoinalistic period, which may be designated as 1 . 

In applying these equations to the next semi-period 2, the result 
is got by writing or a-hsr for a, and b+Tr for b. 

Thus the equations are simply the same as (10), with the signs on 
the Ipfl changed. 

The equations for semi-periods 3, 4, &c., will be all identical on the 
right, with alternately 4- and — signs on the left. 

Let the observations run over m semi-lunar^anomalistic periods; 
then double the equations appertaining to periods 2, 3, . . . (m—1), 
and add all the w equations together, and divide by 2 (m— 1 ), and we 
have— 

where S now denotes summation of the following kind :— 

{2(1)-2(2)} + {2(3)-2(2)} + {S(3)-2(4)} + {2(5)-2(4)}+&c., 

the numbers ( 1 ), ( 2 ), <&c., indicating the number of the semi-lunar- 
anomalistic-perif)ds over which the partial sums are taken. 

Suppose the whole series of observatious to be reduced covers 
2 m 4-1 g^miHer-lunar-anomalistic periods, which we denote by i, ii, 
iii, i&c. 

First suppose that the semi-period denoted previously by 1 consists 
of i 4 “ii, that 2 consists of iii-l-iv, and so on. 

Let to be the time of the first tide of the series, and since we 
take noon of the fii*st day as epoch, to cannot be more tban a few 
hours. 

Let j = (ff—ar)^o = 1®’6903—(«y—'5r)^o, a small angle. 

Then a—= (<r—ar)44-g-,--|e = 1 

^.( 12 ). 

h—ie = («■—•ar)io—fj—|e= — 

Then denoting the operation -——— 2 by S® (the mark ° 

4(K+l)(m—1) 

indicating that the first tide included is nearly at epoch, when 
{ff^w’)t = 0 ), we have from ( 11 ) and ( 12 ) 

cos Fot = —sin (r»—i) sin 

sin Vm = JRn cos Cus (Xl H“i) • 



= — sin (u—|e) —Pz sin (5—|e), 
= E„ cos (a —Je) — E| cos (b—^e), 


•^( 11 ), 


(13). 
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Seecndly, suppose the semi-lnnar-aiionialistic period indicated by 
1 consists of ii+iii, that 2 consists of iv-f v, and so on. 

Obviously the result is gob by writing to+^'7rl(<r-~'sr) for 
or, what amounts to the same thing, by puttingy—Jsr in place of./ ; 
but we must also write for S**, so as to show that the summation 
begins when (c —'ar)t is nearly equal to Then— 


Hence 


S^Jicos7«t =—JS„cos (?»—i)—S^cos (D-fj), 
sin sin (f»—i) —Bi sin 

Bn sin j) = — cos 7»— sin 7n, 
Bh cos sin 7 m— cos 7», 


(14). 


.(15). 

Bi sin (?24-i) = cos 7 »—sin Tm^ 

El cos sin F»—cos 7«. ^ 

These four equations give the four unknowns J2», Bi, f;, and j is 
equal to 1®*69 —(<t—' ar)«o- 

Then if Un, ui denote the equilibrium arguments of the tides N and 
L at epoch, we have— 


iin = 2(^0—*')— 2(5o— f) —(fio—Po), 
ui = 2(ho —y)—2(^0—f) + (^o'^Po) + 


where Jio^ So, po are the mean longitudes of moon, sun, and lunar 
perigee at epoch, and v and f are small angles, functions of the lon¬ 
gitude of the moon’s node (tabulated in’Baird’s Manual). 

Then if f^ is the factor of reduction (also tabulated by Baird) for 
the tides Mg, N, L, 


H« = 


Bn 

f"’ 



In this investigation the interferences of the solar and diurnal 
tides are neglected, on the assumption that they are completely 
eliminated. 

The difference between a lunar period and an anomalistic period is 
so small that the elimination of the diurnal tides will be satisfactory, 
but the effect of the solar tide will probably be sensible, untes we 
have under reduction 13 quarter-lunar-anomalistic periods, which 
only exceed 6 semi-lunations by about 25 hours. 

The evaluation of the elliptic tides H and L from a series of obser¬ 
vations shorter than a quarter year would be very unsatisfactory, and 
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it is not Ikeljiliat sucIl an evaluation will be attempted. But if 
sucb a case is undertaken, tbe solar disturbance maj be found by a 
plan strictly analogous to that pursued below in the case of the 
tides Ki, 0, P. The reader may be left to deduce the requisite 
formulae from the theory in § 3. 

In the case of a long series of observations, each quarter year 
should be reduced independently, and the mean values of Hw cos and 
H« sin Kn should be adopted as the values of the functions; whence 
and Kn are easily found. The L tide is, of course, to be treated 
similarly. 

§ 5. The Tide 

Tliis is the principal lunar tide. 

If we take the mean of successive tides, the equations (9) give 
us approximately— 

cos ^ ^ ^ ~ • • • • (16). 

We here assume that in taking this mean over an exact number of 
semi-lunations, the lunar elliptic tides, the solar tides, and the diurnal 
tides are eliminated. 

With respect to the elliptic tides, this condition can only be ap¬ 
proximately satisfied, because no small number of semi-lunations is 
equal to a number of anomalistic periods, and the like is true of the 
diurnal tides. In the example given below the diurnal tides are much 
larger than the elliptic tides, and I have found by actual computation 
'(the details of which are not, however, given) that the disturbance in 
the value of the Mg tide arising from the diurnal tides is quite insen¬ 
sible, and it may be safely accepted that the same is true of the dis¬ 
turbance from the elliptic tides. 

With respect to the disturbance arising from the principal solar 
tide Sg, I find that it is adequately, although not completely, 
eliminated by making the number of tides under summation 2 
cover an exact number of semi-lunations. 

If the whole series of observations be short, it would be pedantic 
to attempt a close accuracy in results, and we may accept these 
formulae; if the series be long, the residual errors will be gradually 
completely eliminated. 

We have then— 

Mm cos fat = Afn^ Mm sin fa« ~ Mm* 

If be the equilibrium argument at epoch, we have 

Um = 2(ho—v)—2(so--^), 

~ aiid Hat = -7—* 


Whence 
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The meanings of ho, $o, v, f», liave been explained in the last 
section. 


§ 6 . The Tides 8.3 and K^. 

These are the principal solar and Inni-solar semi-dinrnal tides. 

If the tide S 3 is in tbe same phase as Kg at any time, three months 
later they are in opposite phases. Hence, for a short series of obser¬ 
vations, the two tides cannot be separated, and both must be con¬ 
sidered together. It is proposed to treat a long series of observations 
as made up of a succession of short series ; hence I begin with a short 
series. 

For the sake of brevity all the tides excepting S 3 and Kg are 
omitted from the analytical expressions. 

Since F' = 


h — jB/Cos cos ^ Q, 

= cos F{E,cos f^-|-E"cos 
-f sin Kr{JB,sin f,~iE"sm 

Hence, taking into account the equation which expresses that h is 
a maximum or minimum, and neglecting the variation of 2h or 2ir}t 
compared with that of F, we have— 


^^cos Vs = JS,cosSV 4 -B"cos g^')» 
h sin Vs = Bs sin f,—E"' sin ( 27 ^—^'). 


The mean interval between each tide and the next is 6^*210. Then 
if g be the increment of 2h in that period (so that with 2i} equal to 
0''*082 per hour, g is equal to 0°‘510), the equations corresponding to 
the tide are approximately— 


h cos Vs = Bs cos cos 

h sin Vs = Bs sin ts^B" sin (r^—TO 


'} 


(17). 


How, if P be the cube of the ratio of the sun’s parallax to its mean 
parallax, the expression for Sg, together with its parallactic inequality 
(the tides T, E. of'harmonic notation), is PH, cos (2t-— jc,). 

Since t is the mean solar hour angle, 2t is the same thing as F,. 

Hence Bg = PH^ & = <^ 5 . 

Also if Bo be the value of P at epoch, then for a period of two or 
three months we may take P = Po(l-fjp^), where Pop is equal to 
dPldt 
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Again, if we put 7 = 


H" 

ST’ 


we have 


E" = f'H” =;: fWH,. 


Also since the argument of the Kg tide is 2t+2)i—2y^'—where 
2y’ is a certain function of the longitude of the moon’s node (tabu¬ 
lated by Baird), and since t = 0, ^ at epoch,it follows that 

-r = 


Kow, when the means of the equations (17) are taken for w-hi 
successive tides, the latter terms become —£*''), where 

(V 


(n-M)smf^ 

Also, if we write 

w = 2^0 — 2 v^'-{-^ng, 
n= Po(l+iwi?x6^»-21), 

• As = cos Vs, 

Bs = — 7 - ^ 2 ^ sin Vs» 
our equation^ become— 


(18). 




As = nHjCos Ks+f'\iEs cos (ftj—K'), 

Bs = nB[, sin Kj—f"X«H, sin (u?—«"). 

It may be observed that n is the mean value of P during the interval 
embraced by the T^-hl tides. 

In reducing a short series of observations we have to assume whafc 
is usually nearly true, viz,, that k" = ks and 7 = 0*272, as would be 
the case in the equilibrium theory of tides. 

With this hypothesis, put 



Z7-C0S ^ = n+ Xni" cos w, 
I7sin0= X^f'^siutt’, 
from which to find U and 0. Then 

As —“ B-jP”cos (^^“”0), 

JBs = H,I7sin (/c,—0), 
from which to find and 
Lastly, «" = «„ H" = 7 H,= 0-272 H,. 
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In order to minimise tlie disturbance due to tbe lunar tide Mg, we 
haye to make tbe n+1 tides cover an exact number of semi-Innations, 
namely, tbe same period as that involved in tbe evaluation of Mg. 
Tbe elimination of tbe Mg tide is adequate, although not so com¬ 
plete as tbe elimination of the effect of tbe feg tide on Mg, because Mg 
is nearly three times as large as Sg. 

A Long Series of Observations, —Suppose that there is a half year of 
observations, or two periods of six semi-lunations, each of which 
periods contains exactly the same number of tides. 

Then each of these periods is to be reduced independently with tbe 
assumption that <y = 0*272 and Kg = If this assumption is found 
subsequently to be very incorrect, it might be necessary to amend 
these reductions by multiplying X» by H"“-0*272H„ ‘and by adding 
Kg—‘K!' to tt >; but such repetition will not usually be necessary. From 
these reductions we get independent values of Bt, cos a:,, H, sin Kg from 
each quarter year, and tbe mean of these is to be adopted, from which 
to compute H, and Kg. It remains to evaluate H" and 

Tbe factor f" and the angle vary so slowly that tbe change may 

be neglected from one quarter to tbe next, although each quarter is 
•supposed to have been reduced with its proper values. 

Let ho and lio be tbe sun’s mean longitude at the two epochs; they 
will clearly differ by nearly 90®, and we put 27iro = 2^o + 5r-[-2SA. 
Hence it is clear that the value oi w in tbe second quarter is 
to “h 25X “h TT. 

Thus the four equations, such as (20), appertaining to the two 
quarters, maj be written— 

Ag 

Bg 

Af 

B/ 

where the accented symbols apply to tbe second quarter, and where 

ht — ^ 0*656, a constant, 

r/ (u4-i)sin|gr 

From (21), 

Ag—Af ^ (n—n^)H^ cos Kg = 2— - ff’H” cos hli cos (to -j- — ^ ^), 

7 

—-h Bf +(n —n')H, sin Kg = 2— • f"H" cos bli sin (to + 87^—jc'"). 

7 


= IIH,OOS f'H" cos (io-k"), 

7 

= nH,sm . f'H" sin (<»-«"), 

^ ( 21 ), 

= n'H, cos - f'H" cos (m + m-K"), 

7 

= n'H,sm/c,+^ .f"H" sin (a,+2«^-«:"), 

7 -7 
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Prom these two eqaations, H" and may be computed, and since 
IT—n' is very small, approximate values of HjCos«,, H^sin^c, 
suffice. 

§ 7. The Diurnal Tidies Kj, O, P. 

Amongst the dinmal tides 1 shall only consider the Inni-solar 
dinrnal, O the principal lunar diurnal, and P tlie principal solar 
diurnal tides. 

There is the same difficulty in separating P from Kj as in the 
case of Kg and Sg, and therefore in a short series of observations P 
and X-i have to be treated together. It is proposed to treat a long 
series of observations as made up of a succession of short series; 
hence I begin with a short series. 

For the sake of brevity all the tides excepting K^, P are 
omitted from the analytical expressions. 

If fFwt denotes (7—we have 

y F) = F^ = JF„i+(o-—and 

A = E' cos + +E0COS to) 

-\-Bp cos (iF«j+ (ff—27)^—ti?)» 

= cosiF»i{E' cos (ot—to +^o cos cos ((<r—ti?)} 

+ sin|F«{—E'sin ^)+Bo sin Bp sin 

Hence, taking account of the equation which expresses that ^ is a 
maximum or minimum, and neglecting the variation of fft compared 
with that of f Fj»,* we have— 

h cos ^Vm = B' cos (o-f—t") +Bocm to) +Bp cos ((0—29;)^—ti>)? 
k sin= —E' sin (<y^—t^) +Bo sin (ot+to) —Bp sin ((<?’—2^)^—tja)* 

The mean interval between each tide and the next is 6^-210. 

Then if e be the increment of 5, and the increment of 5—2^ in 
that period (so that with er equal to 0®*5490 per hour and 2^ 
equal to 0°'4669 per hour, e is equal to 3°'4095 and z equal to 2°*8994) ; 
and if a, 5, 0 denote the values of o’^+to> (o‘~2iy)t—tj? at the 

time of the first tide under consideration, the eqaations corresponding 
to the (r-j“l)^ tide are approximately— 

h cos |F«» = E' cos (a+re) 4-EoCOS (6+re) +Ej, cos {o+rz), 

h sin == —B' sin (u-j-re) -f-E^ sin (&+re) —Bp sin (c-f ra?). 

If we take the mean of 4-1 successive tides, the first pair of terms 

* I hare satisfied myself by analysis, which I do not reproduce, that on taking 
means this error becomes very small. 
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will he imilfciplied by fj -- and tlie last term bj tbe similar 
(%+lj sin^e 

fpnetion with, s! in place of e; also the r in the arguments must be 
put equal to 

If the (n+2)^ tide falls exactly a semi-lunar period later than the 
first, (n+l)e = tt. On account of the incommensurability of the 
angular velocity this condition cannot be rigorously satisfied, but 
if the whole series of observations be broken up into such semi- 
periods, then, on the average of many such summations, it may be 
taken as true. 

Since |e is a small angle, (n+1) sin and sin = 1; 

hence the first factor is equal to 2/5r. 

Again, 

^32' in degrees; 
e <r 


and («+l) sin 

a 

Therefore 

~ ^ sin 76° 32' = — X1T436 = ~ x X, suppose. 

(7^+l)sinfjs TT TT w 

Again \ne = 1®*7048, 

inz = |^~13°*4647-r-4497 = f7r-14°*9144. 


How let 


and we have 


a = a- r-7048,| 
B = b- 1°’7048, > 
7 = o-14‘**9144,^ 

a-\-^ne = Jw-f-a,' 
b-\-\ne = 
c-|-Jw2 =|5r-h7' j 


(23), 


(24). 


Thus, li n+l is the mean number of tides in a semi-lunar period, 
the means of equations (22) become 


277 —= — JB' sin «—Ej, sin sin 7, 


y-- ( 2 -"). 


2 (»+l) 


^2^ sin jFm = — E' cos «+E^ cos XEp*cos 7, 


where the summations are carried out over the first semi-lunar 
period, which may be designated as 1. 
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In applying tliese equations to the next semi-period 2 , the result is 
obtained by writing a+(^+I)e for a, t + (w-hl)e for h, and 
c+(w+l) 2 ? for c; that is to say, a+7r for a, & 4 -^ for h, and 
c + 153°*0706 or c4-?r-26°-9294 for c. 

If, therefore, we put e = 26‘’*9294, we obtain the result from (25) 
by changing the signs on the left and writing 7 —e for 7 , 

The equations for semi-periods 3, 4, 5, <fec., will be alternately + 
and — on the left, and identical as regards the terms in a and but 
with 7 — 2 e, 7 —3e, 7 — 46 , <fcc., successively in place of 7 . 

Let the observations run over m semi-lunar periods; then double 
the equations appertaining to periods 2, 3 . . . (m—1), add all the m 
equations together, and divide by 2 (m— 1 ). 

The terms in Up will involve the series 


This is equal to 

^sin^(m—l)esin . ,, ^ 

2 - ^ (7— 4 (m—Ije). 

tan^e cos'^^ 2 V JJ 

. Then if we put 

\sini(m—1)6 1 TAoa 

» — -^ where X = 1T436, 

^ (m—l)tattf6’ 

our equations (25) become 


77—TtvT-cos iVm 

4(/j+l)(w—1) 2 

= —B* siufls—JSo sin sin ( 7 —|(m—l)e), 

4(«.+1)(ot- 1)^^ sm \Y„ 

= —W COS (x.-\^Bo cos /3 —pBp cos (7 —-^(m— 1 ) 6 ),J 
where 2 now denotes summation of the following kind:— 


(26), 


{2(l)-2(2)} + {2(3)-S(2)} + {2(3)-2(4)} + ... 

Suppose the whole series of observations to be reduced covers 
exactly guarterA.imB:r periods, which we denote by I, II, III, &c. 

Pirst suppose that the semi-period denoted previously by 1 consists 
of I-fll, that 2 consists of III+17, and so on. 

Let to denote the time of the first tide of the series, and since noon 
of the fii*st day is epoch, to cannot be more than a few hours. 


Let i = Xe’^ato = Y'7048—ato^ 

and X; = l^~(^r-27^)^o= l°*4497-(<r-29/)2f,; 


i and Tc are clearly small angles. 


(27), 
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Since e = 26°*9294}, ^6+1®*44j97 = 14°*9144 ; and from (23) 


« = = -(r+ 0 , 1 

—1^*7048= (^0—t), ^ 

7 == (<r—2y)to— Si,—14^*9144 = —£}>— 


(28). 


If tlie same notation be adopted as tbat explained in § 4 (tbe only 
difference being tbat we now deal with quarter-lunar instead of 
quarter-anomalistic periods), we bave 

S°^cos H sin (^ + 0 —Bosin (fo—i)sin 

S'^hsin^Vm = — E'cos (?'4-^)+^oCOs(f<,—0~-/*^i>cos(g'^-f |me), 

...(29). 

Secondly, suppose the semi-lunar period indicated by 1 consists of 
II 4- III, that 2 consists of lY 4* Y, and so on. Then, obviously, 
the result is got by writing for to ; that is to say, write 

for i and Z;—|(<t—■2 'i^)7r/ff, or h— ^+j;7r/ir for h But is equal to 
■|e, and we write k---\ir-\-\e for h. Therefore, following the notation 
used in §4 for IST and L, 


Si's'll cos ^Ym = —cos (f '+{)—Bo cos (t^—0 

—^Ejjcos (£>4-^+K»^4-1)6), 

S^’^/tsin^Fnt = —B' sin -\-i)—BoBm (fo—0 

—/iBp sin (g>+^ 4-i(’^+1)®)*. 


k30). 


These four S’s require correction for the disturbance due to the 
semi-diurnal terms and Sg, and I shall return to this point later. 
In the meantime write 

J]=^°^l^iyr^+oorr., |} = Si-;i®^iF„+corr. (31), 

and we have— * 

^(W +Z) = —Bo sin sin |€COS (5p+^+^2w4-l)€), 

|(X—T) = Ro cos(fo—il-^yai^sin sin (£"^4-^^+J(2m4’l)c), 



i (W—Z) = E' sin (f' 4- i) 4* fiRp cos fe sin (fi^+^ 4- 4- l)e), ] ^ 

V(33). 


|(X4-Y) =— E'cos (f'4-^)—A*'Ej,coBi€cos(gp4-^*4-i(2m4-l)€) 
If we ,put L = {-KX 4- Y) 4" E' cos (X* 4- 0} 4 ®j 

M= ^(W‘~-Z)~E'sin(r'4-^)}tani€, 


(34), 
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the equations (33) may be written— 

i(W+Z) —L =—Bosin (JTo—i),"| 

>.(35). 

■J(2““ir)-}-M— Bo cos (^ 0 —i). J 

The four eqnations (32), (33) involve six nntnown quantities, 
B', Bo, r., are insufficient for tbeir determination. 

In reducing a short series of observations it is necessary to assume 
what is usually nearly true, viz., that = /c'j and = 0'3309, 

as would be the case in the equilibrium theory of tides. 

Then, writing ^ for 0*3309, we have approximately 2^ = Hp = 

The argument of the tide is t-|-(72r—v')—I tt— where v' is a 
certain function of the longitude of the moon’s node (tabulated by 
Baird) ; and the argument of the F tide is t—— k^. 

At the noon which is taken as epoch t = 0, 2, = and the* two 
arguments are equal to — g'' and — 


Hence 


Therefore fj, = 2^^,—v'—;r+(/c^— 

Putting fcp = K as explained above, 

gp+2; = ^ +^+2^0—v'—TT-f 

where I = h—i = [1®*450—( 0 — 217 ) 4 ] — [1°’705— 0 - 4 ], 
= — 0®*2554'%4, a small angle. 

Then, if $=. 2^<,—v'-hZ+^(2m+l)6,1 

Pm, = cos'l-e, J 

we have 

|(W—Z) = fH'sin(f'+0 “/>«H'sin(f'+4+^), 
|(X+Y) =—fH'cos (f' +^)4-/>«H'cos (f'+*^4-^). 
Let T cos ^ = f—pm cos e,'] 


= Ao—i/'—-|?r—•/, 

—Sp ~ — ho^i'ir —Kp. 


we have 


T sin = Pm sin 6, J 
whence T and yfr may be computed ; and 

, i(W^Z)= H'Tsin(?'+i-Vr), 

i(X+Y) =™H'Tcos (r+^-^). 
From these we compute H' and f' and 
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Then ii v! =■ the equilibrium argument at epoch 

of Ki, 


We have also Hp = qB/ = 0*3309 H', Kp = k\ 

Bjetnrning to equations (34) and (35), we compute H 

and hence B’ and then L and M. 

sm 

Having these, we compute Bo and from (35). 

Then, if Uo = ho—v—2(soS)-\-^, the equilibrium argument at 
epoch of O, 


Ko = and Bo =; 


Ho 

f/ 


where is a certain function of the longitude of the moon’s node, 
tabulated in Baird’s Manual. 

A Long Series of Ohservatimis .—Suppose that there is a half jear of 
observation, or two periods of thirteen quartei'-lunar periods, each of 
wUch contains exactly the same number of tides. 

Then each of these periods is to be reduced independently with 
the assumption that q = 0*3309 and Kp = k. If this assumption be 
found subsequently to be very incorrect, it might be necessary to 
amend these reductions by adding to the value of and by 

multiplying pm. by Hp -4- 0*3309 H', but such repetition will not 
usually be necessary. 

From these reductions we get independent values of H'cos/c', 
H' sin k\ Ho cos H© sin kq from each quarter year, and the means 
of these are to be adopted from which to compute H', k\ Ho, 

It remains to evaluate Hp and Kp, 

The factor f' and the angle v vary so slowly that the change from 
one quarter to the next may be neglected, although each quarter is 
supposed to have been reduced with its proper values. 

Let Ao, h'o be the values of the sun’s mean longitude at the two 
epochs; then since tlie second epoch is nearly a quarter year later 
than the first, h'o will exceed ho by about 90°. 

Let Vo = so that 8h is small. 

If be the values of f', £> at the second epoch, we 

have =—^ =—7^0 +and therefore 

ZZZ - ^TT - Bh, 

Again, + = Vo—= Ao-^Tr+Kp, and therefore 

Let i+Bi, h+Bh be the values of i and h corresponding to the 
second epoch, and let W, X', T', Z’ be the values of those quantities 
in the second quarter. Then, replacing ^ (2m 4-1)6 by 87°*5, since 
that is its value when 2m+l is 13, we have from (33) 
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|(W'~Z') =~E'cos 

-{-cos ;;|^eCOS 

^(X'+YO =~JB'siii 

-i-/Aij^cos^ 6 sin (J’p+ifc4'^/5+^yi+87°*5), 
|(W—Z) = B' sin (f' + {) + ^B^ cos :|6 sin (^p+Jc + 87°*5), 

•g^X-j-Y) =—cos “h^) —cos 46 cos 
Hence 

|(W^-Z')-i(^+Y) = B'sml(ci-Bh) sin 

-f*^jBpCOS cos cos "i" ^ "f” 5 ■i“87'**5}, 

r(41). 

:|(W—Z)”|-:|(X'+Y') =—jB'sin^(S‘£— Bh) cos(f^+'fc+’|(^'^— 

-\-^Bp cos :^€cos sin “1"87°'5). 

In fhese equations B is eqnal to f'H' and Bp is equal to H^. t* 

The terms involving B' are clearly small, and approximate values of 
B and as derived from the first quarter, Tvill be sufficient to com¬ 
pute them. Afterwards we can compute Bp or Hp and fp; then if 
Up denotes — At,+-| 7 r, the equilibrium argument of P at the fih^t 
epoch, Kp = ?jj+Wp. 

The values of Hp, Kp thus deduced ought not to differ very largely 
from those assumed in the two independent reductions. 

The same investigation serves for the evaluation of the P tide from 
any two sets of observations, each consisting of thirteen quarter-lunar 
periods, and with a small change in the analysis we need not suppose 
^ch to consist of thirteen such periods. But the two epochs must be 
such that sin hh is small and cos hh is large, or the formulea, although 
analytically correct, will fail in their object. 

§ 8 .— The Disturbance of K^, 0, P due to Mg and Sg. 

It has been remarked in § 7 that the diurnal tides are perturbed 
by the semi-diurnal. The general method has been given in § 3, by 
which to calculate the effect on any one tide, whose increment of 
argument since epoch is Tp and speed isp, due to a tide whose incre¬ 
ment is and speed q. 

Since in the present instance all the diurnal tides have been 
consolidated into one of speed «y—we have to calculate the effect 
of the tides whose speeds are 2 ( 7 — a) and 2(y—7j) on the tide whose 
speed is 7 —<r. It follows, therefore, that the factor qjp or hq of (3) 
is in the first case equal to 2 ( 7 —o')/( 7 —<r) or 2 , and in the second 
case is 2 ( 7 — 7 )/( 7 — cr) or 2*070 ; -or hm = 2 , = 2'070. 
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The coefficients F, G, f, g, as due to the tide of speed 2 ( 7 —<y)» 
will be written with suffix and as due to the tide Sg of speed 
2 ( 7 — 7 ), ^i^h suffix s. The snms and means have also to be taken 
in the two ways denoted by S° and Hence we have altogether 
to compute sixteen coefficients, which by an easily intelligible nota¬ 
tion may be written 

In order to compute the sixteen coefficients, it is necessary to find 
the mean cosines and sines of the four following angles, viz.:— 

and the means have to be taken in the two 
ways denoted S® and SK 

These means are exactly the same in form as what the means of 
h eos and h sin (which had to be evaluated in S° and 8^) would 
be if all the heights were regarded as positive unity, irrespective 
of whether they are H.W. or L.W. Hence the same plan of com¬ 
putation serves here as elsewhere; the plan is explained in the 
following section. 

By comparison of equation (7) and the definitions (31) of W, X, 
Y, Z in the last section, we have:— 


X = S^smiVn, -{AJJo) +AsU^) +j5,g;^>}, 


(42). 


Th^ four quantities Am, Bm, As, Bs are known from the evalua¬ 
tions of the tides Mg and Sg; whence the corrections referred to in 
§ 7 are calculable. 


§ 9. On the Summations, 

It will be seen from the preceding sections that sums have to . 
be. found of the .following functions:— 


and also of 


T COS “jT- 7 cos 17- 



cos 1 -p- cos 5 p- 

sin 2 sin ® 


cos 

sin 


QVM±Vsf 


It is necessary to calculate the five angles Vs, ^Vm±Vs, and 
Vmf for each tide, and the reader will easily see, by the example in 
the Appendix, how they may be computed with considerable rapidity, 
by aid of an auxiliary table A, 

The computation of sines and cosines and multiplication by heights, 
may, with sufficient accuracy, be abridged, by regarding the cosine or 
VOL. XLVIII. J 
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sine of any angle lying witHn a given 5° of tlie circumference as 
equal to the cosine or sine of the middle of that 5®. 

The process then consists in the grouping of the heights according 
to the values of their 7*8 (7», 7,, ^7m, as the case may be). The 
heights in each group are then summed. Since the L.W. heights are 
all negative, they are treated in a separate table, and are considered 
as positive until their combination with the H.W. at a later stage. 
We shall, for the present, only speak of one of these groupings, 
taking it as a type of both. 

Since (a+180®) = — eighteen groups forming the 

3^ quadrant may be thrown in with the 1®*^ quadrant by a mere 
change of sign; and the like is true of the 4^ and 2“*^ quadrants. 

Since cos (180°—a) ==— cos % and sin (180°—a) = sin a, it follows 
that we have to go through the 2“^ quadrant in reversed order, in 
order to fall in with the succession which holds in the 1®* quadrant, 
and, moreover, the cosine changes its sign, whilst the sine does not 
do so. Hence the following schemes will give us the eighteen groups 
which all have the same cosines and sines:— 
for cosines 

(I 8 t_ 3 rd) _ ( 2 Dd_ 4 th) reversed, 

for sines 

(ist_3rd)4.(2iid_4th) reversed. 

Thus, one grouping of the heights serves for both cosines and sines, 
and, save for the last step, the additions are the same. 

The combination of the H.W. and L.W. results is best made ^t the 
stage where 1®*—3^ and 2“^—4^ have been formed. 

The negative signs for the L.W. results are introduced before 
addition to the H.W. results, and total 1®*—3”^ and 2“^—4^*^ are thus 
formed. 

After the eighteen cosine and sine total numbers are thus formed, 
they are to be multiplied by the cosines or sines of 2° 30', T 30', 12° 30', 

.... 87° 30'. The products are then summed so as to give 2^ 

It was noted at the beginning of this section that we also have 

sums of the form 2 These sums are obviously made by entering 

unity in place of each height, and, of course, not treating the L.W. as 
negative. Thus, where the H.W. and L.W. are combined it is not neces¬ 
sary to change the sign of the L. W., as was done in the combination of 

H.W. and L.W, for 2A These snmmations are considerably less 
laborious than the others. 

In the case of the tides M 2 and So, the division of the sums 27i 
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by tbe total number of entries gives tbe reqnired results. But for 
]Sr, L, and similarly for tbe diurnal tides K^, 0, P, tbe grouping and 
summations bave to be broken into a number of subordinate periods, 
wbicb are to be operated on to form S° and Tbse multiplication 
by tbe eighteen mean cosines and sines is best deferred to a late stage 
in tbe computation. 

Thus, for example, for and If, tbe quarter-lunar-anomalistic 
periods, i, ii, iii, &o., are treated independently, and we find 
4* reversed) for eacb. There are thus eighteen 
cosine numbers and eighteen sine numbers for each of i, ii, iii, <&e. 

We next form tbe sums two and two, i+ii, iii-j-iv, <S5C.; next find 
tbe differences (i+ii)—(iii-fiv), (v-hvi) — (lii-f-iv), ; add tbe 

differences together; then multiply by tbe eighteen cosines or sines 

of 2^°, 7|°, See., and finally mnltiply by bo- find 


We next go through exactly tbe same process, but beginning with 
ii instead of i, and so find 

Tbe same process applies, mutatis mutemdis, for finding S° and 


There are two cases wbicb merit attention in particular. Tbe 
sorting of heights in quarter-lunar-anomalistic periods, according to* 
values of Vmt serves, in tbe first instance, for tbe evaluation of and 
L, but it serves, secondly, to evaluate Mo, for we then simply neglect 
tbe subdivision into quarter periods and treat tbe whole as one series, 
but stop at tbe end of a semi-lunation. 

Tbe sorting of heights in quarter-lunar periods, according to tbe 
values of also serves several purposes. 

We first find from it S° and IF**, and secondly, by merely 

counting tbe entries in eacb group for eacb quarter period, instead of 
adding up tbe heights, we arrive at S° and Si”" cos (It may be 

noted in passing that what is wanted, according to preceding analysis, 

is tbe sum of (f F»i—F»t), so that there will be a change of sign in 

sm 

tbe sine sum to get tbe desired result.) 

But, besides these, 8“ and 84^°?® (|F* + F») can be obtained with 

Bin 

sufficient accuracy from the same sorting. 

Tbe angles were sorted in four times eighteen gronps, for eacb 
quarter-lunar period. If eacb angle were multiplied by three, tbe 
eighteen entries of tbe 1®** quadrant would be converted into three 
groups of six, lying in three quadrants, viz., 11°^, tbe 

y 2 
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2^ quadrant is changed to lY^, I®^, 11“^; the to III^, 

; and the 4^*^ to 11“^, III^, IV*^. Hence eighteen entries of 1®^—3*^ 
.are converted into three sixes, I®*—III^, IL“^—IIP^}; 
,aud eighteen entries of 2“^—4*^ are converted into three sixes, 

Hence a new I®**—III^ of six entries is made up thns:— 
first six of former 1®*—*3^ 

4-second six of former 2“^—4*^ 

—third six of former 1®*'—3^. 

And a new II^—lY^ of six entries is made np of 
—first six of former 2“^—4* 

-{“Second six of fomaer I®*— 3^ 

-|-third six of former 2*^—4^^ 

These I®*—III^ and lY^** may now be treated just like the 
other ones. Thus, without calculating we have from the former 
pt_gra 2^_-4ta» the results.of a fresh grouping according to 
walues of f Fan. 

It is true that there is a considerable loss of accuracy, because all 
angles within 15® are now treated as having the same sine and 
c(^ine. 

I 10- Bides for the Fartitum qf the Observations into Groups, 

It appears from the preceding investigations that it is required to 
divide up the observations into groups. This may he done, with all 
necessary accuracy, and with great convenience, by dividing the tides 
just as they would be divided if every H.W. followed L.W., and vice 
versa, at the mean interval of 6^'2103. 

How a quarter-lunar-anomalistic period is 165^*3272, a quarter- 
lunar period is 163^*9295, and semi-lunation is 354*^-3670. Hence, 
dividing these numbers by 6*»-2103, we find that there ar*e 26*62145 
tides in a quarter-anomalistic period, 26*3964 in a quarter period, and 
57*0612 in a semi-lunation. 

Tt may be remarked in passing that these results show that the 
iw-hl of (10), § 4, is 53*243, and the n+1 of (25), § 7, is 52*793. 

It is, of course, impossible to have a fractional number of tides, 
and, therefore, we make a small multiplication table of these numbers, 
aud take the nearest integer in each case. Por example, in the case 
of the semi-lunations, we have— 

1. 57*0612 57. 

2. 114*1224 114. 

3. 171*1836 171. 


4. 228*2448 228. 

5. 285*3060 285. 

6. 342*3672.342. 
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These liave te he divided between H. and L.W. For the sake of 
convemence, I suppose that we always begin the series with a H.W., 
then when the integer is odd we put in one more H.W. than HW., 
and thus have the following mle:— 

ISTo, of semi-lunation .. 1 2 3 4 3 6 

25’o. of last H.W. in the 


semi-lunation. 

29 

57 

86 

114 

143 

171 

3 ^ 0 . of last L.W. in the 
semi-lunation 

28 

57 

85 

114 

142 . 

171 


The ELW. and L.W. are here supposed to he numbered consecu¬ 
tively from 1 onwards in separate tables. 

The other rules of partition given in Appendix F are found in the- 
same way. 

§ 11. On the Over. Tides, 

Observations of H. and L.W. are very inappropriate for the deter-- 
mination of these tides (of which the most important stre Mg, 
S 4 , Sg), because they express the departure of the wave from the simple 
harmonic shape, and we are supposed to have no information as to 
what occurs between two tides. These tides make the interval from 
H. to L.W. longer than from L. to H.W., and there is no doubt that^ 
assuming the existence in the expression for h of a term of the form 
A 2 »tCos 2 F«-l-B 2 »i 3 in 2 F«, we shall get an approximation to A.^ and 
B 3 OT by finding the mean of ^cos2F»e and /i8m2F»j. But the com¬ 
putation of the F, Gr, f, g, coefficients for the perturbation of by Mg- 
wonld be essential, and tbns the amount of additional compntation 
would be very great, whereas in the analysis of continuons- observa¬ 
tion the overtides are found almost withont any additional work. I 
am inclined to think that it would be beat to obtain honrfy observa¬ 
tions for several days at several parts of a Inimtion, and by some 
methods of interpolation to construct a typical semi-diurnal tide- 
wave, from which, by the ordinary methods of harmonic analysis, we 
could find the ratio of the heights of the o-ver-tides to the funda¬ 
mental, and the relationship of their phases. 

I make no attempt at such an investigation in this place. 

§ 12, On the Annual and Semi-annual Tides, 

These tides are frequently of much importance, so that they ought 
not to be neglected from a navigational point of view. It is obvi^ 
onsly impossible to obtain any results from a series of observations 
of less than a year’s duration. 

Rules for the partition of tides into months or 12^ parts of a year 
are given in the Appendix E. The mean of aE the H. and LW. ob¬ 
servations for each month iaa>y be taken as the height pf mean water 
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~afe the Htiddle of tlie month, and the 12 values for the year may be 
submitted to the ordinary processes of harmonic analysis for the evalu- 
..ation of these two tides. 

We have supposed in the previous investigation that the tide 
heights are measured from mean sea-level, and although it is not 
necessary that this condition should be rigorously satisfied, it might 
be well, where there is a large annual tide, to refer the heights to 
.different datum levels in the different quarters .of the year. 

§ 13. On Gajps in the Series of Observations, 

It often happens in actual observations that a few tides are missing 
■through some accident, or are obviously vitiated by heavy weather, 
l^ow the present method depends for its applicability on the evanes¬ 
cence of terms in the averages. It is true that it is rigorously apj^ 
plicable even for scattered ,observations, but if applied to such a case 
all the P, G, f, g coefficients have to be calculated, and, as every tide 
reacts on ^ve:^ other, the computation would be so extensive as to 
’.make the method almost impracticable. Thus, where there is a gap, 
observations must be fabricated (of course noting that they are 
fabrications) by ^otme sort of interpolation, and even values which are 
wery incofxect are better than none.* If the interpolation is ex- 
iensive, it might he well to test its correctness in a few places when the 
reduction is done. If a whole week or fortnight be missing, and if 
the computer cannot find a plausible method of interpolation, I can 
only suggest a preliminary reduction from the continuous parts, and 
the computation of a tide table for the hiatus. Each such case must 
be treated ou its merits, and it is hardly possible to formulate general 
rules. 


APPENDIX. 

Tables and Buies of General Applicability, 

A. To imd 

The following table is for finding what wonld be the mean moon’s 
hour-angle, if the moon had been on the meridian at the epoch. 
This angle is denoted by or ( 7 —and is equal to the angle 
through which the earth has tum-ed relatively to the mean moon (at 
14®*4920521 per mean solar hour) since epoch. 

* Fabricated times and heights -^^onld very likely be no -vrorse than real observa¬ 
tions during a few days of rough weather, A perfect tide table only claims to pre¬ 
dict the tide apart from the influence of wind and atmospheric pressure; and, 
eonversely, fidal observations must be sufficiently numerous to eliminate these influ¬ 
ences by av^ges* 
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It would be advantageous to extend the table up to 90 days, but it 
can be used as it is for periods greater tban 30 days by the division of 
the time into sets of 30 days. In the second period of 30 days 5°*7 
must be subtracted from tbe tabular entry, for tbe third period 
and so on.* 

For example: Find for 11*^ 23“. The day is 18| of 
the third 30, and the tabular entry for 11^ is 113®*9, and sub¬ 
tracting 11°'4 we have 102°-5; 23“ gives 5°*6, so that = 108®T. 
The correct result is 107®*99, and it is obvious that an error of 0®*1 
may easily be incurred by the use of the table. 

The row for day is given because it may be necessary to use 
one tide before epoch; this row is used in the example below. 

* Observe tbafc the decimals run thus, * 0 , *5, * 0 , &c., then *4, ‘9, *4, &c., then 
* 8 , '3, * 8 , &c., and so on. The first entry in which the sequence alters I call a 

change.” The incidence of “ changes ” may be found thus: 7 —o- is 14|—’00795 5 
take Grelle’s multiplication table for 795, and note where the last digit but three, 
having been 4, becomes 5; I say that this is a ** change.” For example, 559 x 795 
= 444405, and 560 x 795 = 445200; then a change occurs at the 560*** hour, or at 
the (12 X 46 + 8 )*** hour, or at 23** 8 K If the table be continued to 60 and 90 days, 
&c., by subtracting 6 '’* 7 , &c., tbe changes will fall a little wrong, but they may 

easily be corrected by means of Crelle’s table, as here shown.—(Added Aug. 2,1890.) 



Table of or lYw. 


304 


Prof. G. H. Darwin. 


[June 19, 


°OOOf^WHr-4rH(MCqcqff|COOOCOOO'^'^^^W»»OiftW5COCQCO<SDt> 


|r^NCO'^U550J>OOC5qi-lCqCO;§W^t^OOC30;HC3OT;g^0^ggO 


fH 

CiO 

GO 

Tj!coeqr-tooioo^<r>co 

CaCOt-fHvOOOCqCOO"^ 
»0c0'^0qc00cq05r-l00 
f—iCOTHOOTHCOrHCSJiHOq 

QOCqcOO'#OOrHvOC55CO 

OSJC^OOCOXH^COCOTpCq 

cq cq cq cq cq 

p'^pcqtHppp.i^^p 

X^rH VO 05(?5Jt>O'^0QCq 
CO rH cq 05 rH 00 q>CO 
cq rH rH rH CO rH 

S 

tH 

o 

OrW 

CO 

GO 

q00J>q>O'^MMWW 

^ooeqcoo'ipoocqcoo 
'^f-(coocqc50ooa5t> 
rHCOTHCOrHCqiHCq 05 

ppp^pVCS^WNH 

•tfiq>i-HVO05C0t>.rHVO05 
OOiOl>’'J'vOCO-^«qcOO 
cq cq cq cq cq 

ocvoox-'covo-sficocq^ 

rH rHCOrHCOrHOOrH 


ocD 

CO 

•^weqjHCoqoo^q 

0'^oocq®ocoi>T-»»o 

COOiHCftOQOOSCOOOVO 

iHcoiHcqiHoq cq oq 

Vfi>^C0CqrHO05 00t>CO 

O5COq>rHii0O50qCOQ-«?* 

?0>fl»OC0'^rHC0OCq05 

oq cq cq oq iH 

p'^pcq-Hpc5pa^ 

QOClCCO'efOOrHVOOSCO 

oovoir»'?rwoco^rHco 

rHCOrHCOrHCOrHCOrH 


o 

“§ 

CO 

0500J^.^qip-^MOqrH 

JOi3aCOX>.r-fiO®COt>—< 
iHOOOI>OSCOi>iOCO'!5 

T-i cq r-i cq cq cq cq 

ppOO^pp'fp^rH 

voQOcqcoO'^oocqcDO 

VO cqrH CO O rH 05 00 

cq oq oq rH tH 

pppj>ppp-^p<^ 

TflJ>i-HvOC5COJ>'rHvOC5 

VDCO'<^IVOCqTpr-iOOOrH 

COtHCOrHCOrHCOrHCOrH 

a' 

!> 

OX> 

00 

« 

»HvooacoJ>.i-i'f»QOcqco 
Ot>oocoi>.»ococoi«ocq 
tH cq cq cq cq cq 

p'^COCqrHppp.^p 

Q'^OOCqCDOCOXr.rHvO 
■^rHGqOrH05 l>VO«5 

cq cq H tH CO H 

VO'«PC0C0CqrHOa500i> 

05 001>rHv0C35C0C0O^ 
covocq-ejirHcqorH^O 

COHCOrHCOrHCOrHCq»H 

& 

o 

oco 

cq 

qo5apJt»<p»ft';^<»cqiH 

t^O'^oQcqcoO'^xcq 
qocoi>'^ocou3cqooi-f 
cq cq cq cq cq 

pppl^pvp'^pNtH 
cp05COi>rHVOCS)C0 X** rH 

cqo5t-ioo tr^ocovo 

rH rH rH CO rH CO rH 

ppppJ^pvp’^PWN 

VOOOCqCOO-^OOWCDO 

CqC0rHCqOrHQ0Ol>05 

COrHCOrHCOrHCqrHOq 

1 

R 

hM 

1 

rfW HfN 

O cq CO 

Hm Hjbi Hfen He* 

VO CO i> OO 05 

He* He* rje^e Hj«i iHe* 
O rH cq CO ■*? 

rH rH rH rH rH 


Oco 

VO 

cq 

^■^OTi^r-iqqQp^q 

cqqO'«f»oocqvoocoi> 
i>'^<ocQ'^oqcoocqoa 
cq cq cq cq rH 

vOr!flcOCqTH005001>CD 

rHVOO5COI>rH‘^00cqCD 

rHOOVOX^-^COCOtJlcqcO 

iHCOrHCOrHCOrHCOtH 

pp-^WptHppp^ 

o^oocqcoo^x>rHvo 

rHCq05rH00OJt>C50COI> 
COrHCqrHOqrHcq cq 


w 

OOCOJt'-COVO'^COCqrH 

00i-liO05C01>»HVOO5C0 
VO CO->? -H CO o cq 05 00 

cq cq cq rH H 

■OppXrCOp-^ppp 

J^O'^oocq^O'^ooeq 

vojtrHPvoco''j^cicoocq 

COiHCOrHCOrHCOtHCOrH 

-Hppp.^pp’tJlpN 

COOCOl>-H»005 031>rH 
C5rH00 05X-Q0VOtr.H.CO 

cq rH cq cq cq cq 


oo 

05 

cq 

0”;^««iH005qO.^® 

cor^i-Hvocococoo-^oo 

•Tii iH CO o tH 05 QOVOCO 

cq cq rH 1 H CO rH 

vO'<i3*COCqrH00505001> 

Ncoo'^fidocqvooscox-. 

'rfiOCO’^ft-HCOOrHOSO 

COrHCOrHCOHCOrHCqrH 

CDVOTffCOCqrHOOSOOt^ 

rHVOO5C0t«-rHVO00CqCD 

QOOSCOCOiDXr'TflVOCO'^ 

cq cq cq cq cq 


f-4 

1—( 
oq 

p05M.^O»p'^«WrH 

ocqcDO'^oocqoQ'^i 

cqOrHC5 X-^VOCO-^iO 
oq rH tH CO tH CO iH 

O0500JtrC0CDVO'*J»C005 

a0rHVOC5COJ>tHVO05C0 

Cqr!f»rHCqOrH050i>-05 

COrHCOrHCOrHCqrHCq 

Hppp^pp*^pN 

CrrHHftXCqcOO'efOOCq 

COOOVOCO^iOCQHftrHCO 

cq cq cq cq cq 

■a' 

i-H 


lO'^M^iHpO500J>CO 

'q?oocqoO'«J*i^i-tvoo5 
rH 00 q> WO CO CO lO cq CO 
rH iHCOrHCOrHCOrH 

p'^ppptHOp 00 ^ 

COX^rHvOOSCOJ^O-tflOO 
-rHcqO«H00OX>05CDq> 
COrHCOrHOqrHCq cq 

pp-^ppiHpppJ^ 

Cq5OO'eJi00CqC0O5C0J> 
HjOCOH^vOCl-^tHcqOrH 
cq cq cq cq cq 

rfS* 

O 

iH 

1—1 

pp^pp-^coeqiH 

Oco^—<V0®C01>!HV0 
q>'!5fcoco'<!?cqcorHcq 
rHCOrHCOrHCOrHCOrH 

1 

popp^pp'eflpcq 

oqcbcDp'^cjocqtijO'^ 

OSrHOOOtHOOCDiNlOCO 
cq rH cq rH cq cq cq 

•HOppj^COVO'^WN 

oocqioa5coi^»Hvoo5co 

COVOCqcOrHCqOrHOO 

cq cq cq cq rH 

00 

§> 

fi 

Hm 

1 

^ h|«* h|M H« 

O rH cq CO rP 

H« He* Hw H« Hm 
VO CO 00 05 

Hm Hleq He* He* H** 

O rH cq CO -«? 

rH rH rH rH tH 














264-1 1278-6 1 298-1 i 307-6 1 322-1 1336 


1890.] Harmonic Analysis of Tidal Observations. 


305 


Jt>l>t^aOOOCOobQOC50SC»GaOOOOtHi-lTHiH©5<!5C3NCOC«SCOOO'^^ 
tHi— ir-Ir-ti—liHr-li-Jr-lTHr-li-it-ir-tr-lpHr-Ir-t 


Or-JNCO-'JttOCOJb-OOOJ 

oocococococoescococj 




^t^OOOiOr-ieQCO^llOCOt-OOO 


COO^OOG«ICDOC01>r-t 
COO«yiCO»HCslOr-iOOO 
COt—ICO iHCOtHCOtHC^Ji—I 

pip'^pWiHOOpl^ 

waoacot>r-iwaoao5CDO 

J>Q0COl>waC0C0WaC5ri< 
05 05 05 05 05 

pipp'^WNiHpOaOp 
'i?X05COO-^00 05lf00a 

iH 05 O iH oa t-wa o CO 

05 05 iH iH CO rH CO 


<Mtoa»eot-^r-iw3oacot^ 
<MCOOlMCSr-(OOOai>-aO 
COrHCOiHCqrHCq N 

•Hpcapi^pwa'^MOi 

r-4Wa00 05C0O'!pa005C0 
CO4>'!?CO00WOO5 COi-4C5 
05 05 05 05 05 

O''?00rHWa0aC0I>rHwa 
OtH® Tp CO CO wa 05 

05 rH rHCOrlCCrHCO 


i>f-*iooacofc^w^ajeM 
ooqa50ooot*QOioJt> 
CO 1-4 cq r-J 01 05 04 

cDwa'ia4coc5f-iOcaoooo 

C0O-^C005CDOC0^^iH 
'5i4coco-^05eoiHC50ai-4 
05 05 05 05 iH 

^pap-^W^iHOpco 

wa^coJt>iHaocaeocoo 

OOlOb-H^COCO-^OlCOiH 

iHOOrHCOiHCO*HCOi-tCO 


C0J>O-^00e5CDO’^Q0 
oa o 00 CD CO 00 t0 4> Tf .lO 
05 jH (M 05 Ol 05 

ijKppOO^COWO’p'i^M 

o5co'oacoi>r-4waaaro5> 
co rji fH CO O 05 ca 00 wa 
05 05 05 1-4 r-i CO 

NiHOpQpt^pwa'^CO 

rHliaoa05C0QH^XC5iD 

t>'«#iwaco'!j4Ncocc5oa 

iHCOrHCOrHCOiHCOrH05 


p*P'^M«THppp^ 

0Q05C0O'!f‘00 05\OOC0 
jocacoaovocO'^iOi05'!T< 
05 05 05 05 05 

Jt>r-4WaOaCOl>i-4WaQ0O5 
r-4COOT-4Ca OOWaCO’^ 

05 05 r-4 r-1 CO 1-4 CO 

CDO'^00 05COOH44>iH 
wacO'^iHcoooicJaOX 

rHC0iHC0rHC0iH05iHOl 


r^OOQOlNCO)uO'^C005 

•T?cOtHiooaco-t>r-(400a 
COt>U3CD00«a05'^iHO5 
04 05 05 05 05 

iHOppOO^CDua*^W 

C0t^O'^00C5CDQ'^00 
OiHOa 4'»wacD^wao5 
05 iH iHC0tHC0i-4C0 

<^iHOp<»Ji>pwa'^M 

c50ocoi>rHvcacaeoi> 
rf4FHC0OrHCaO4>Cai:0 
iHC0tHC0rH05tH05 05 


He« hM hM 

lO CO iN 00 oa 

rH j—i r-l tH iH 

ihM ' 1-44 HfeR 

O 1-4 05 CO ^ 

05 05 05 05 W 

H|«1 rfll Hin ^ 

wa CO t- X ca 

05 05 05 05 05 


pp^W(NrHOpq01> 

cacoiNiHiooacocoO'^ 
-rJfCOCOifaoacOrHOlOi-f 
05 05 05 05 05 

cowawa'^coo5r-40oac3o 

3005C0O'^00C5C0CDC0 
X i'-wacocowaoacorH 
iH iH CO -4 CO 1-4 CO iH CO 

i>cowa^coo5HOoax 

l>rHWaCaC0I>rHWaX05' 
cQaiHaotr-oaot-^wa 
iHCOrH05rH05 05 05 


r-40p00^p\0>fp05 

xooae5co0'^oo05^0 

CO'Tft 05 CO rH 05 05 i-i 00 

05 05 05 iH rH 

o5iHOpao^pvp-^co 

-^ftoooQiooacot^i-iwaca 

4>^CDC0-^t4O4COi-405Oa 

t-lCOrHCOi-4COi-iCOiHC5 

NiHOpx^pwa^p 

COI>.rHTfl(»05COtD“!flX 
rHX0 1>XC01>-WDCDCC 
iH 05 rH 05 05 05 05 


0 ^ 00 05 «00'^r>-fH« 
C5C0O05CX>r-l00»flH>Tr» 
05 05 r-l r-l CO 1-4 CO 

l>C0l0'^C005r-4O0aX 

OacOit-rHWaCDCOt-O'^ 

waco'?f‘e5cooo5oar-ioo 

^COi-4COiHCOi-)05i-405 

CO wa CO 05 rH o oax 

X05COO'i?®05CCCacO 
0a4>XC04>^C0C0'^C5 
05 05 05 05 05 

/ 

COOCOJt>i-4UOCao01>i-4 
O 05 oa 00 wo CO Tfi lo CO 
05 iH tH CO 1 -/ CO rH CO 

waoacoco0’^aoo500 
•^iHcoo o5c:DOaooat> 
iH CO iH CO iH 05 1-4 05 05 

o5rHOcaxjocowavca^ 

iSxcqwaoacot-rHwaaa 
XWat-^'^W3COTffC5COO 
05 05 05 05 05 


pio^pN<^»HOCJa® 

T-rwaoacoi^jHwaoc5co 
oa 4 > ua COwa 05iH 

T-( tH CO r-( CO 1-1 CO 1-1 CO 

^pip'^eoNiHOOax 

O'^C3005C0O'^00»HWa 

coOi-40aooocacoc30vo 

r-4C0i-405T-4e5 05 05 

4>pp'^C005HiHOp 

0aC0J4>.THlO0aCfaJ>rH'i^4 

CO'iJ<uaCO’i^rHC(a00543a 

05 05 05 05 1H 


iHOpOap^pap’^p 

Jt>iH'ip00 05COQ'!fl0005 
I>wac000wa05^r-(050 
fHCOi-iCO*-4COiHCOf-4CO 

(^wppoo^pwa'^w 

COOrfH>i-4waOac05>-- 
i-4<3aO4>*CDC0i>WaCC>-!api 
rH 05 rH 05 05 05 05 

NiHOpXX^pJp'^ 

waoac(acoo^xo5coo 

lO 05 rH CO O -- CD X 

05 05 05 iH ’ iH 

Ncax 

lO tH Jt> 05 X 
iH r-4 05 05 

Mill 

,4n H« He< Wa H« 
wa CO 4> CO oa 

1-4 1—1 1-4 1-4 

Hfoi Hf« Hi« h(« Hei 

Q W 05 CO -I? 

05 05 05 05 05 

1 rti« Hts Hew H|c!| iHS 

wa X X ca 

05 05 05 05 05 

o o o o o 

X X ca 05 wa 

rH rH 


\o CO Oa 

rH W rH rH 


o o o o o 

CO C5 Cs| va 



























306 


Prof. G. H. Darwin. 


[June 19, 


To find Vg. 

1^0 table is necessary for the conversion of time into angle at 30® 
per hour to find T,, or 2 ( 7 —since we multiply the hours by 30, 
and add haK the number of minutes. This rule is the same for every 
day. 

B. The tides S3 md K3. 

It is required to compute TJ and (p from 
?7cos 0 = n cos tv, 

U sin 0 = X»f' sin tv, 

where w = 2ho — 2v"+otn, 


and 


jj — 3 /sun’s parx.—mean parx.\ 

^ \ mean parx. / 


the sun’s parallax referred to being its value at the middle of the 
period under reduction. 

If, for example, February 14 is the middle of the period, n is 
found thus;— 


Sun’s parx. Feb. 14 = 8 "' 95 , mean parx. = 8 "* 85 , diff. = +0''*10. 
rrn- -rr n . 3x0*10 - 

Then n = 1 - 1 ——= 1*034. 

0*00 


The period under reduction consists in this case of an exact number 
of semi-lunations. The following table gives X» and according to 
the number of semi-lunations;— 

No. of semi- 


lunations. 

1 . 

2 . 

3. 

4. 

5. 

6 . 

log 

9-4300 

9-4159 

9-3920 

9-3676 

9-3113 

9-2517 

«» 

14'’-28 

28°-82 • 

43°-36 

57”-90 

72°-43 

86°-97 


is the sun’s mean longitude at epoch, found from N’aut. Al.; and 
2v[\ i” are found from Baird’s Manual in the tables applicable to the 
tide Kg. 

0. The Tides N and L. 

Summations are carried out over quarter-lunar-anomalistic periods, 
numbered i, ii, iii, <fcc. Grand totals are then made in two different 
ways, viz.:— 

[S (i -j- ii) S (iii -h iv)] -f [S(v -f- vi) — S(iii -J-iv) ] 

-f [ 2 (v+vi)—S(vii“|-viii)]-l-&c., to find S'^, 
and [2(ii+iii)—2(iv -j- v)] + [2(vi+vii) — S(iv -h v) ] 

-h [2(yi -f vii) — 2(viii -|- ix)] + &c., to find Si", 
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wliere, for example, 2{i+ii) denotes summation carried OYer tlie 
lialf period made up of i and ii. These totals are multiplied by 
certain mean cosines and sines (whose values are given in !F), and are 
summed. The next process is multiplication by a factor 0 
(7r/4(7^+l)(m—1) of § 4), of wbicb. the value depends on the number, 
of quarter-lunar-anomalisfcic periods under treatment. The following 
table gives the value of this factor:— 

ITo, of i-lrmar- 

anom. periods. iii. v. Tii. ix. xi. xiii. 

0*02950 0*01475 0*00738 0-00492 0*00369 0*00295 

The angle j is also required; it depends on the time of the first tide 
under reduction. If 4 be the time in hours since epoch to the first 
tide, 

i = l'’-690~0°-5444 fo- 

For instance, in the example below the first tide is at 3*^ 14P of 
fiay — I; this is 8^ 46® or 8*^*77, hef(yire epoch, so that 4 = —8^*77; 
then 

j = r-690 + 0"*5444x8-77= +6°'46. 


D. The Tides 0, P. 

Summations are carried out over quarter-lunar periods numbered 
I, II, III, &c., and totals are formed like those mentioned in C, and a 
factor ^ (which differs slightly from <I>) is required in the formation 
of S° and This factor depends on the number of quarter-lunar 
periods under treatment, and the following table gives its value:— 

Ko. of i-lunar 

periods. in. V. YH. IX. XI. XHL 
0*02976 0*01488 000744 0*00496 0*00372 0*00298 

The angles i and I are required; they depend on the time of the 
first tide under reduction. If ta be the time in hours of the first tide 
since epoch, 

r-705^0°*549 4. 

Z=-0°*255-fO‘’*082i5o. 

Por instance, in the example below we have, as shown in C,^ 
to = —8*^* 7 7, and 

i =+6^*52, 


Z=-.0‘**97. 

It is required to compute T and Oom 
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T sin = p^ sin 0^ 

■where 0 = 

The period under reduction consists in this case of an exact number 
of quarter-lunar periods, and the following table gives the values of 
Pti and /3a, according to the number of quarter-lunar periods :— 

No. of i-lunar 

periods. III. Y. YII. IX. XI. XIII. 

logpa 9*5749 9*5628 9*5508 9*5303 9*5009 9*4618 

/Ja 20"*20 33^*66 47°*13 60^*59 74°*06 87^*52 

ho is the sun’s mean longitude at epoch, the formula for Z is given 
above, and v\ f are fouiid from Baird’s Manual in the tables applicable 
to the tide K^j^. 

E. Buies for the Bartition of the Ohsermtions into Orowps, 

If the first event after epoch is a L.W., either omit it from the 
reductions, or let the first tide be the H.W. which precedes epoch. 
Thus we are to begin with a H.W.* 

The H.W. and L.W. are treated apart in separate tables. 

Each tide (H.W. or L.W., as the case may be) is numbered con¬ 
secutively, from 1 onwards. 

The following are rules for partitions:— 

* This is not necessary, but it mates the statements of the subsequent rules 
simpler, as they have not to be given in an alternative form. 



For Tides N and L. 

Quarter-lunar-anomalisfcio periods, numbered i, ii, iii, &c.. 
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For Mg and Sg. 

Semi-lunations numbered 1, 2, 3, &c. 


No. of semi-lunation. 


1 •... 


1 

2 

3 

4 

5 

6 

No. of last H.W. 
lunation . 

"in 

the 

semi- 

29 

67 

86 

114 

143 

171 

No. of last L.W. 
lunation... 

in 

the 

semi- 

28 

57 

85 

114 

142 

171 

Total No. of tides up 
semi-lunation ...., 

to end of each 

57 

114 

171 

228 

285 

342 


For Annual and Semi-annual Tides. 
Months, or parts of a year, numbered 1, 2, 3. 


No. of montb. 1 2 3 

No. of last H.W. in month ... B9 118 176 

No. of last L.W. in month . 59 117 176 

Total No. of tides np to end of each month, 118 235 352 

No. of tides in each month... 118 117 117 


The epoch for the second quarter year should be 91 days after first 
epoch, that for the third 92 days after the first, for the fourth 91 days 
after the third, except in leap year, when the last should also be 92 
days. 

There are six tides (or about thirty-seven hours) more in a quarter 
year than in xiii quarter-lunar-anomalistic periods; the times of these 
six tides (or ten tides in one of the quarters) are to be omitted from 
the reduction, and their heights are only required when the annual or 
semi-annual tides are to be found. 

F. Cosine and Sine Factors for all the Tides, 

These are the cosines and sines of 2° 30', 7® 30', 12® 30', &c. They 
are as follows:— 

Cosine and Sine Factors. 

Read downwards for cosines, upwards for sines. 


1 . 

0-999 

10 . 

0-676 

2 . 

0-991* 

11 . 

0-609* 

3. 

0-976 

12 . 

0-537 

4. 

0-954 

13. 

0-462 

5. 

0-924* 

14. 

0-383* 

6 . 

0-887 

15. 

0-301 

7. 

0-843 

16. 

0-216 

8 . 

0-793* 

17. 

0-130* 

9. 

0-737 

18. 

0-044 


In tbe evaluation of S° f F„ and S*" ^ f 7®, only the factors 

marked * are required. 
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G. Increments of Arguments in Various Times, 

Tke following table gives tbe increments of arguments of the several 
tides in various periods, multiples of 360° being subtracted. This 
table facilitates verification of tbe calcnlation of tbe harmonic con¬ 
stants. 


1 hour . 

M.. 

28“-984104 

Sj. 

30“-00000 

K». 

80“-08214 

N. 

28“-43973 

1 <3ay. 

- 24 *3815 

0 

+ 1 *9713 

- 37 -4465 

10 days. 

+ 116 -185 

0 

+ 19 -?13 

- 14 *465 

100 days .... 

+ 81 *85 

0 

-162 -87 

-144 *65 

1 hour. 

L. 

29® *52848 

El. 

15® *04107 

o. 

13® *94304 

P. 

14® *96893 

1 day.: 

- 11 *3165 

+ 0 *9856 

- 25 *3671 

- 0 *9856 

10 days . 

-113 *165 

+ 9 *856 

+ 106 ‘329 

- 9 *856 

100 days .... 

- 51 *65 

+ 98 -56 

- 16 *71 

- 98 *56 


Example, 

(a.) Flace, Time, Datum Level, and Unit of Length, 

Tbe case cbosen is three months of observation (in reality tbe tidal 
predictions of tbe Indian Government) at Bombay, and tbe epoch is 
0^ January 1, 1887. 

A datum at or very near mean water-mark is taken, so that all tbe 
H.W. are positive and tbe L.W. negative. This datum is found by 
taking tbe mean of all tbe H.W. and L.W. of tbe original observations. 
In this case 99 inches was subtracted from all tbe tide heights. I 
might more advantageously have subtracted 102 or 103 inches, but 
99 inches was cbosen from considerations applicable to my earlier 
attempts, but which do not apply to tbe computation in its pr^ent 
form. 

At places where there is a large annual inequality^ in tbe height of 
water, it would be advisable to use a different datum for each quarter 
of a year. It is not, however, important that the datum should con¬ 
form rigorously to mean water-mark, for even tbe discrepancy of 

inches, which occurs in my example, does not materially affect the 
result. 

In recording the heights, a convenient unit of length is to be used, 
and it is advantageous that the H.W. and the L.W. should be expres¬ 
sible by two figures, so that the larger H.W. and L.W. shall faU into 
the eighties and nineties. The unit of length is here the inch. 
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(b.) Times and Angles. 

The times of H.W., numbered consecutively, are entered in a table, 
as shown on p. 313, Since 0^ astronomical time is the epoch, the p.m. 
tides will come in the half days which are numbered with integrals, 
and the a.m. tides in the half days which fall between the integral 
numbers. 

Prom time to time there will be a half day with no H.W.; this row 
in the table should be left blank, but there happens to be no such row 
in the sample shown. A computation form for times and angles might 
be printed, for, although the exigencies of the printer have not allowed 
the entries to be equally spaced in the sample below, yet the computa¬ 
tion form might be printed with equal spaces, and the dividing lines 
are to be filled in by hand. 

The L.W. table is similar. 

Both H, and L.W. are to be divided into quarter-lunar-anomalistic 
and quarter-lunar periods, and semi-lunations, according to the rules 
given in E. These partitions and the numbeiung of the entries could 
not be printed, because of the occasional blank rows. 

The formation of Vm and of Ys, by means of Table A and the rule 
following it, is obvious. In the subtractions and additions under the 
headings \Vm. and is added or subtracted where 

necessary, is found by doubling 

(c.) The Heights. 

The H.W. heights are written in columns (with the same blanks as 
in the table, of times and angles), and are so arranged, either on 
sipps of paper, or by folding the paper, that the heights may be 
pinned to the times, bringing each height Opposite to au angle on the 
same row with the time corresponding to that height. The heights 
will on one occasion have to be pinned opposite the column, on a 
second occasion opposite the Vs column, and on a third occasion opposite 
the column. 

^ The L.W. heights are written in similar columns, but the minus 
signs should be omitted. 

It is well to divide the columns, or to put fiducial marks in the 
table for easy verification of the proper allocation of the heights with 
the times. Any marks suffice, hut the division into quarter-anoma¬ 
listic periods, as shown below, seems to be as good as any other. 

If it is proposed to evaluate the annual and semi-annual tides, it is 
necessary to carry on the heights beyond the times by 3 (or 5) H.W. 
and 3 (or 5) L.W., and to partition them into months. The mean 
for each month is evaluated, and if the successive quarters of the 
year are referred to different data, the mean monthly heights must 
all be referred to a common datum. This process is not carried out 
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in my- example, IjecaTise it is nseless to attempt the evaluation of 
these tides of long period from three months of observation. 

H.W- 
55 i 
23 
47 
19 

41 
19 
37 
26 
35 
37 
37 
52 

42 
66 i 


50 ii 
80 

57 

91 
63 

None 

99 

67 

101 

66 

99 

65 

92 

58 ii 

SlHi 
&c., &c. 

The sum of all the H.W. entries to the end of xiii is 9791. The 
sum of all the L-W. entries to the end of xiii is 8577. There ai^e 173 
H.W. and 173 L.W. Hence mean sea-level is (9791—8577), 
which is equal to 4-3'51. It would have been better, therefore, to 
have subtracted 103 inches instead of 99 inches from all the heights. 
This would have given mean sea level at —0*49 from the datum 
adopted. 

(d.) Sorting the Heights according to the Values of the Angles. 

In the tables below the column 0® belongs to all angles between 
O'’ and 5® 5 5° belongs to 5° to 10®; and so on. 
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Where an angle falls exactly on a multiple of 5®, an' arbitrary rule 
of classification is required, and it is easiest to deem it to belong to 
the next succeeding 5°, rather than to the preceding 5°; 

(e.) Sorting according to Values of Tit* 

The H. and L.W. are treated in .separate tables, similar in form 
save that the — signs of the L.W. heights are omitted. 

The sheets of heights (c) are pinned opposite to the VmS on the 
tables of angles (b), and the heights are then entered successively 
into the columns corresponding to their F^’s in a table like the 
following. 

The division into quarter-lunar-anomalistic periods is maintained, 
but as this sorting is to serve a double purpose, it is necessary to mark 
the end of the last semi-lunation. In these tables thei*e are two H.W. 
and two L.W., which fall after the end of 6 semi-lunations, and before- 
the end of xiii quarter-lunar-anomalistic periods. 

ITearly all the entries fall into one quadrant for H.W., and into 
another for L.W. Thus- there are no H.W. entries in the quad¬ 
rant, and no L.W. entries in 2“^ quadrant; there are altogether only 
10 H.W. entries in quadrant, and 3 in quasdrant; and there 
are only 4 L.W. entries in the 1®*’ quadrant, and 17 in 3^^ quadrant. 
Something like this would hold true at all ports. 



H.W. V 
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C4 00 


6 semi-lnnations end... Total 178 
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(f.) Table of Sums for and li. (See p. 320.) 

Maintaining tlie divisions i, ii,,iii, .&c., it is now necessary to sum 
eacli of tke four times 18 vertical columns in eack of the xiii divi¬ 
sions, to subtract the 18 columns of the quadrant from the 
18 columns of the 1®^, and to subtract the 18 columns of the 4^^ 
quadrant from the 18 of the-2”^. The 2°^—4*^ columns have then 
to he reversed. 

Since in this case nearly all the H.W. fall in the 2°^ quadrant, 
and nearly all the L.W. fall in the 3^ quadrant, it is easy to write 
down at once 2*^—4**^, and 1®*'—3^, as shown on the next page. 

In this the ■— signs of the L.W. entries have to be reintroduced, 
but as the L.W. lie mostly in 8^ quadrant, which enters with nega¬ 
tive sign, they become positive again. It thus happens that nearly 
all the columns come out + ; there are, however, a few — in xii. 


(g.) Table of Sums for Mg. (See p. 321.) 

We now disregard the suh-divisions i, ii, iii, &c., and sum the 
4 times 18 columns into grand totals, stopping the summations, 
however, at the end of 6 semi-lunations (ie., at 171 H.W. and 
171 L.W.). 

It would hardly be wise to attempt in this case the subtractions 
lst_ 3 M 2 nd_ 4 tii^ without the intermediate steps. 

The following table (p. 321) gives the results. 

(h.) General Rule for Gosine and Sine Summations. 

. For ‘ cosines ’ the 18 numbers required are deriv-ed from 
(Xat_ 3 rd^—( 2 »d_ 4 & reversed). 

For ‘ sines ’ the 18 numbers required are derived from (1®*—3^) 
-h (2“^—4**^, reversed). 


(i.) Evaluations ofS and L (continued). (See p. 322.) 

Oosines .—^From Table (f) of Sums enter the 18 ‘ cosine ’ numbers, 
in accordance with (h) in xiii vertical columns, and perform the 
operations indicated in the example on page 322. 

The column of ‘ cosine factors ’ are those given in F, and ^ is 
given in C for xiii :J-lunar-anomalistic periods. 



(f.) Sums for N and L. 
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(l.t_3M) Total. ... .. •• 42 181 

(2-i_4«.) Eeversed . .. . 67 116 60 129 118 127 84 125 116 
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Cosines (continued),—Form colunms ii+iii, iv+T, vi-j-vii, Yiii+ix, 
x+xi, xii+xiii. Form difference columns (ii+iii) —(iy+v), 
(vi+vii) — (iy+v), (yi+yii) — (yiii+ix), (x+xi) — (yiii+ix), 
(x+xi) —(xii+xii); add the 5 difference columns together; multiply 
by cosine factors; sum and multiply by ^ or 0*00295. 

The result is :— 


cos Ym, = —8*38. 

From Table (f) of Sums, enter 18 “sine” numbers, in 
accordance with (h) in xiii yertical columns. 

Perform all the same operations as those on “ cosine ” numbers, 
save that we use sine factors, which are the same as cosine factors in 
inverse order, viz., beginning with 0*044 and ending with 0*999. 


The two results are— 

S°Ji sin = +5*94, S^h sin Yr^ = +10*06. 

Collecting results, proceed thus;— 

cos Y« = +11*38. cos Y,n = - 8*38. 

sin Ym = +10*06. sin Y^ = + 5*94. 

Sum = +21*44. Sum = — 2*44. 

Diff. c=: + 1-32. Diff. = -14*32. 

P = J sum = +10*72. B = I sum = — 1*22. 

Q = I diff. = + 0*66. S = |diff. = - 7*16. 

(i.) Mvaluation M 2 (continued). 


From the Table (g) of Sums for M 2 enter in one vertical column 
18 cosine numbers, in accordance with (h); multiply them by 
cosine factors; add up and divide by the total number of entries for 
6 semi-lunations, viz., 342. 

The result is:— 

^ Am = cos Ym = —30*58. 

Then enter in vertical column 18 sine numbers, in accordance with 
(h) ; multiply them by sine factors, add up, and divide by 342. 

The result is;— 


sin Ym — +38*47. 

(k.) Sorting according to Yalms of Fi, and JSveduation of Sg, Ko. 

The H. and L.W. are treated in separate tables, similar in form 
save that the — signs of the L,W. heights are omitted. 
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The sheets of heights (c) are pinned opposite to the on the 
Tables of Angles (h), and the heights are entered successively into the 
columns corresponding to their F^’s in a table like (e), which was used 
for sorting according to values of F«. The sorting is carried as far 
as the end of an exact multiple of a semi-lunation,—^in this case to the 
end of 6 semi-lunations. ISo sub-division is necessary^ but for the 
purpose of verification it is useful to break the entries into groups of 
about 40. This is conveniently done by a division after each third 
:^-lunar-anomalistic period, so that i, ii, iii would be the first group ; 
iv, V, vi the second; vii, viii, ix the third; and x, xi, xii, and all but 
the end of xiii, the last. 

In this case the entries fall into all the four quadrants with about 
equal frequency. 

We next sum the four times 18 columns, Just as with Mg in (g), 
and form l^t— 3 rd 2 °*^—4^, reversed, in the same way. 

Next we write the 18 cosine numbers, (1®*—3^) —(2*^—4*^, 
reversed) in vertical column, multiply by cosine factors,, add, and 
divide by the total number of entries, which is 342. Afterwards 
write the sine-numbers ( 1 ®*—3^) + (2”^—4‘^, reversed), multiply by 
sine factors, add, and divide by 342. 

The results are;— 

A» ~ ^ 4“ 21'08. Fj ” 4" 3*62. 

(1.) Sorting according to Values of ^F^. 

The whole process is precisely parallel to the sorting according to 
values of F»tin (e) ; the thirteen divisions are, however, given by the 
quarter-lunar-periods I, II, .... XIII. The only difference lies in the 
substitution of the factor (for XIII equal to 0*00298) for It is 
unnecessary to give an example. 

The results are:— 

8% cos = -10*50, sin = 4-8*04, 

cos iY^ = 4 -. 0*40, sin ^Yn = 4-3‘?4. 

(m,) Sorting of 

It is required to find what the sums in (1) would be if every H.W. 
height had been unity, and every L. W. the same both in magnitude 
and sign; in fact to find S° cos cos ^F**, &c. 

^ This is done by counting the entries in the preceding sorting in 
(1) vrithout regard to magnitude, taking the L.W. entries as actually 
positive, instead of being (as they are) negative quantities with the 
negative sign suppressed. 

Since in this case we have simply to count entries which are all 
treated as positive, the table of sums of H. and L.W. may be written 
together. The following example gives part of the work— t 
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We next proceed to form XIII colnmns of cosine numbers, and 
generally to operate exactly as thougb these numbers were heights; 
and then proceed with XIII columns of sine numbers in the same 
way. 

The results are 

S"cosiY«, = ~ 0*0522, S°smJY«, =+0*0117, 

cos iY«. = -0*0168, sin ^Y,« = -0*0129. 

(n.) Formation of the Mean Sums of cos fY and sin fY»- 

These maybe found with sufficient accuracy from the last Table (m) 
of Sums, part of which is given. In that table lines are drawn dividing 
the columns into three divisions of six each. These are treated in 
the way shown in the following example:— 


H. and L.W. -lYj^. 









Eefer to preceding 








sorting (m). 

L 


■ 

, 


, 

, 

— 1 “* six of 2 “^—4*^. 



, 

. , , 

-3 

0 - 

0 

+ 2 “*^ six of l»*-3’'‘i. 


-3 

+.1 

• 

• 

• 

• 

+ six of .2“d-4t^. 

2 nd— 4 th 

-3 

. + 1 



0 

. 0 




. 

. 




+ l»t8ixofl»*-3’^‘^. 



+ 1 

+ h 

+ 1 


-2 

+ 2 ”^ six of 2 “^—4*^. 


+ 1 

-1 

-2 

- 

• 

• 

six of 

. 

+ 1 

0 

-1 

+ 1 


-2 


2 nd— 4 th^ rey. 

0 

0 

-3 

• 

+i 

-3 


11. 





. 


—six of 2”*^--4*^. 


. 



. 

, 

~3 

+ 2“d six of 


+ 3 

+ 3 

• 

• 

• 

• 

+ 3’^*^ six of 2”^—4**^. 

2 nct— 4 th 

+ 3 

+ 3 

• 

- 


~3 




. 

. 



7 

+six of 1®*— 





. 

-2 

-3 

+ 2“* six of 2“^—4*\ 


+ 2 

-3 

-2 


• 

• 

-3^*1 six of 

lst-3rd. 

+ 2 

-3 

-2 

. 

-2 

-3 


2nd-5thj rey. 

-3 

• 

• 

• 

+3 

+3 


III. 



&G. 




<&c. 


We have now only 6 instead of 18 sub-divisions of the quadrant, but 
the cosine and sine numbers are found in exactly the same way as 
before. 

The following example shows part of the treatment, and the cosine 
factors are those marked * in F. 
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The remaining process is exactly lihe that pursued before, and the 
four results are 

=+0-0347, S^sihfV^ =-0-1830, 
cos fY«t = —0-0479, sin ^Ym = —0*0173. 

(o.) The Sorting o/JFm+Yj and of 

These angles have to be sorted without reference to the heights, or 
just as though all the heights were unity. Every entiy is to be re¬ 
garded as unity. The following example shows part of the sorting of 
iYm+Ys, and 1 denotes a BI.W., f a L-W.; by this device H. and 
L.W. may be sorted on the same paper. 

We may also, if it is found convenient, put on it the sorting of 
2 ^ m—Ys by adopting, say 0, to denote a H.W. and * a L.W., each 
one of these four signs denoting simply unity. 



H. and L.W. iV,»4-V,. 1 for H.W., f for L.W*. 
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We then proceed to count these I’s and fa just as was done 
with the number of entries in the sorting of ^Ym, and to operate on 
them in the same way. 

The results are 


S" cos (iV„-V,) ,= --0078, 
Si’^cos (^V^—V,) = +-0280, 
S cos = -{"*1244, 

Si'cos (iyM+V,) = +-0147, 


S°sin(|V™-V,) =--0060, 
Si'sin(iV»-V,)= +-0078, 
S°sin (fV„+V,) =+-0094, 
Si'sin (^Vm+Vj) = +’0834. 


(^).—Ilvaluaiiov. of GJo\ iJo\ FJW, GJi'), fji'), g«(i'), 

G,'"’, £,(»), gfo\ F,<i'), G,<i'), f/i'), g/W. 

These 16 coefficients are required to correct the four sums 

s^ ^ influence of the tides Mj and S^. 

I call S h cos -JV*, + corrn., W, S°A sin JV)a+ corrn., X, and the 
other two Y and Z. 

The correction to be applied to S°h cos to get W is 

- [F*'"’A„ + +F,'"’A,+G,<o>B,], 

and the correction to be applied to- S"fe sin to get X is 

- [fj"’A„++y®’A,+g^'o’B,], 

and the two other corrections are given by symmetrical formulse 
with Qtt) in place of (o). 

These coefficients are computed from S'* and of (iYOT+Ywi) 

^ (i'V»±y»), as given in (m) (n) (o). It must be especially 

noticed that we have above in (m) computed S“ and S of sin^y^; 

but iYm iy*!, so that the signs of our previous results must 

be changed in these two cases. 

If we remark that and are constants found by theoretical con¬ 
siderations, that A„, B»„ A,, Bj, are already found, and that in the 
first column we are compelled to omit the affixes to the letters S, i, 
and ae F’s and G’s, because they indicate various sorts of S’s and it’s 
and F s and G’s in the different columns, the computations in the 
foUovnng table are easily followed 
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s°. 

SK 

SK 

hm == 2. 

= 2 *07. 


is = 2-07. 

II 

- V,. 

11 

> 

II 

iSeos(iT«-T,) --0261 

- *0039 

- *0084 

+ •0140 

iS coe (iV» + Vp) + -0174 

+ *0622 

+ -0240 

+ •0074 

Sum 2 — '0087 

+ -0583 

- *0324 

+ 0214 

DifE. A - -0435 

- -0661 

+ *0156 

+ *0066 

*2 --0174 

+ -1207 

- *0648 

+ *0443 

*A - -0870 

- -1368 

+ *0312 

+ *0137 

2 + ^rA = F -*0967 

- -0785 

- *0012 

+ *0351 

A + its = g — *0609 

+ -0546 

- *0492 

+ *0509 

iSsm(iV„-Tp) --0059 

- -0030 

+ -0065 

+ -0039 

JSsm(iTm + Vp) --0915 

+ -0047 

- -0087 

+ -0417 

Sum <r — "0974 

+ -0017 

- *0022 

+ 04S6 

DiEE. S + -0856 

- -0077 

+ *0152 

- -0378 

Tea - -1948 

+ -0036 

- *0044 

+ -0944 

U + -1712 

- -0159 

+ *0304 

- -0782 

cr+H = f +-0738 

-*0142 

+ -0282 

-*03*26 

•(3 + i<r) = a +-1092 

+ *0042 

- -0108 

-•(^66 


2 A 2 
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W = -15-99 
Z = + 7-53 
W+Z = - 8-46 
W-Z = -23-52 

i(W+Z)= - 4-23 
|(W-Z)= -11-76 


X = +12-75 
T = + 0-16 
X+T = +12-91 
X-T = +12-59 

J(X+X)= + 6-46 
§(X-T)= + 6-30 


(q.) Oomputation of Astronomical and other Constants. 

Pind So, the moon’s mean longitude (see ‘Xautical Almanac,’ 
Moon’s Lihration), and ho the sun’s mean longitude (sidereal time 
reduced to angle) from the ‘ Nautical Almanac,’ and the longitude 
of moon’s perigee, from Baird’s Manual,* Appendix Table NTT 
(there called jt), at the epoch O*’, January 1, 1887, Bombay mean 
time, in E. Longitude 4^‘-855. 

From Baird, Tables XIV, XV, XVin, find N the longitude of 
Moon’s node, and I, v, f at mid-period, February 14,1887.t 

With the value of I find f» from XIX (1) for the tides M,, N, L; 
from XIX (3) find fo for the tide O ; from XTX (8) find f' for the 
tide ; from XIX (9) find f' for the tide Ej; from XX find v' for 
the tide K^; and from XXI find Sr" for the tide Kj. 

The results are 


So = 359‘’-43, 
». = -9°-60, 
1/4 = 0-9709, 
= -6°-30, 


ho = 280''-63, po = 165‘’-36. 
f = -9'’-00. 

1/fo = 1-161, f = 0-915, 
2v" = -ll'’-75. 


f" = 0-80-2. 


■ Then compute initial equilibrium arguments, in the symbol for 
■which the subscript letters indicate the tides referred to,— 


Wm — 2(4-"=‘*')—2(se—f), 

= 203°-60, 

for Kj, «' = ho—d—^tr, 
= 196°-93, 

—(So 

= 9'’-53, 


tio = (ho—v)—2(so—i) +i»-, u, = 0°, 

= 3°-37, ■ 

for Kj, «" = 24-2»", 

= 213‘’-01, 

= t‘»i+(s«—jP») + a-, 

= 217“-67, 


Uj, = _4+|;r= 169°-37. 


* ‘ Manual for Tidal Obsepyations,’ by Major Baird. Taylor and Brancis, Fleet 
Street, 1886. 

t In making these reductions I have really used the yalue of Kf for July 1,1887, 
because I am operating on tidal joredicttons made for the whole year 1887, which 
were doubtless made with mean ¥ for that year* The difterenee is almost insen¬ 
sible. ’ * 
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We have already shown in B the way of computing IT, and 
n = 1*034* 

In C and D we have shown how to compute y, Z, andy = + 6°*46, 
+ 6‘’*52, 


By the formula in B, with «« = 86®‘97 for 6 semi-lunations, 

tti = 2Jlo — ^v*-\‘0Cn = v!' ~\-»n 

= 299°-97 = ~60°*03. 

By the formula in D, with /3» = 87°*52 for XIII quarter-lunar periods. 
$^2ho — v-hl-hpnr 
=f 294°‘ll == -65‘’*89. 

By the formula in B, viz.:— 

If cos 0 = n+X^f' cos &}, 

If sin 0 = \J!' sin w. 

With log \m = 9*2517 for 6 semi-lunations, and with the above values 
of 

0 = -6®‘40, (+) log Z7 = 0*0464. 

By the formula in D, viz:— 

T cos ^ = i'—Pn cos 
T sin />» siu 

with log = 9*4618 for XHI quarter-lunar periods, and with the 
above values of f' and 0 :— 

^ = -18°*35, (-f ) Ic^ T = 9*9241. 


(r.) Final Fvaluatim of Mg. 

From (i) B» = +38-47, A. = -.30-68, tan f*. = :?£; 

Am’ 

Bm is + and A® is —, so that fa lies in second quadrant; -nrhence 
r» = »--61‘’-51 = 128'‘-49. 

i. Bm cosec ; 
fa 

• As the Indian tide predicting instrument takes no account of solar paraJlai I 
should in reaKty hare done better to take n as unity. But of course this conside^- 
tion does not apply to real obserrations. 
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wlieiice, on reducing from inclies to feet, 

= 3*98 ft. 

Also = 128^^-49+203“-60 = 332°*09, 

where the value of is taken from (q). 

(s.) Final Fmluation of N and L. 

Taking the values of P, Q, R, S from (i), 

imH-n sin (g'«, j\ = —P = —10*72, fi»Hj sin (fz+i) = +Q == +0*C6, 
f«iH« cos (^»— j) = —S = 4* 7*16, fwiHz cos (fj-j-j) ~ —R== -}-l‘22, 
y lies in 4^^ quad., lies in quad.; 

whence ^n—j = —56°*27. 

Then H* = i coseo (t*—i) X (—P); 

f/tt 

whence, on reducing from inches to feet, 

= 1*04 ft. 

Again, since from (q) j = 4- 6®*54, we have g’« = --49°*73 = 310®*27, 
and ATft = = 310°*27+9''*53 = 319'’*80, where the value of is 

taken from (q). 

Turning to the second pair of equations, 
ti ~ 28°‘4. 

Then Hj = i sec (&+/) x (—R); 

whence, on reducing from inches to feet, 

H;=0-llft. 

Again, since j = +6°*5, we have = 21°’9, and 
= 21'’*94217‘’’7 = 239°*6, where the value of ui is taken from (q). 


(t.) Final Fvaluation of and Kg 

Prom (k) B, = +3-62, A. = +21-08; tanr» = ; 

and A, are 4-) so that lies in l^ quadrant; 
whence ^3 = 9®'?1. 
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Then 


^ _ A, sec g, 


whence, with log JJ already fonnd in (q) as 0*0464, and, reducing 
inches to feet, 

H, = 1-60 ft. 

Again = O'**?!—6°*40 = 3®*31, 

where the Yalne of ^ is taken from (q). 

Lastly, 

’ H" = 0‘2?2H, = 0*44 ft., and /c" = 3^ 

The factor O'272 is an absolute constant. 


^u.) Mnal Uvalucbtim of Ki, O, P. 

Taking the values of ^(W—Z), -KX-fY) from (p), 

TH' sin = i(W-Z) = -11*76, 

TH'cosCr+^-V^) = -4(X+T) = -6*47; 

^^4-^*““'^ lies in third quadrant, and 

= !r+6r*2 = 241“*2. 

Then since, from (.q), ■^=—18'**35, we have = 222®*8; and 
since from (q) i = 6®*52, therefore = 216®*3; whence 

= 216'**3 + 196°*9 = 53"*2, 

where the value of «• is taken from (q). 

Then H' = cosec (f-+i- f), 

whence, with log T already found in (q) as 9*9241, and reducing from 
inches to feet, 

W = 1*33 ft. 

Also Hjp = 0*331E[^ = 0*44, and k = 63**. 

The factor 0*331 is an absolute constant. 

We now have to compute 

L = J(X-I-T) tan Je+fH' cos + tan Je, 

M = ■4(W—Z) tan f'H' sin (S’^+0 tan 
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wliere log tan = 9*0677, an absolute constant for all times and 
places. With tbe values of f and |(X4-Y) and Z) given 

above in (q) and (p), and with tbe values of H' and + i just found, 
there results— 

L= -0*495, M= -0*214 

Now f Asin (Xo-i) = -KW+Z) + L, 

ioBo cos Xo-i) = i(X-Y) +M. 

We have found in (p) 

i(W+Z) = -423, KX-T) = +6*30, 

so that 

foHosin Xo—i) = +3*73, foHoCos (to~0 = +6*09. 

Whence to—lies in the first quadrant, and 

to-^* = 3r*50. 

Then H. = I [KS-T) +M] sec (r<,-i), 

whence, reducing from inches to feet, 

Ho = 0*69 ft. 

Again, 

= to+^^o = = 3r*50+6"*52+S"*37 = 4r*39, 

where the value of Uq is taken from (q). 

(v.) Final Reduction of Mean Water Marie, 

We subtracted 99 inches from all the heights before using them, 
and the mean of the heights was then + 3*51 inches. Hence mean 
water is 102*51 inches, or 8*54 feet above the datum of the original 
tidal observations. 
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(w.) BesuUs of Reduction. 


Mean water, 8*54 ft. 

Mean of 9 jts. obs. 

8-223 

Error of present calc, 
in inches and 
minutes. 

4 in. 


"H = 3-98 ft. 

= 332° 

4-043 

330° 

f in. too small. 

4*^ too fast. 

s^-j 

'H = 1-60 ft. 

_/c = 3° 

1-625 
. 3° 

i in. too small. 

Nil. 


rn = 0-44 ft. 

Lk = 3° 

0-405 

352° 

J in. too large. 

22^ too fast. 


rn = ro 4 ft. 

L/C = 320° 

0-997 

313° 

^ in. too large. 

11 “^ too fast. 

' ^ i 

FH = 0-11 ft. 
L/c^ = 240° 

0-088 

308° 

J in. too large. 

2 b 13 m -too slow. 


FH = 1-33 ft. 

L/C = 53° 

1-396 

45° 

f in. too small. 

32“^ too fast. 

0 J 

FH = 0-69 ft. 

L/C = 41° 

0-658 

48° 

J in. too large, 

29“ too slow. 

P - 

r H = 0-44 ft; 
L/C = 53° 

0-404 

48° 

J in. too large, 

40“ too fast. 

The second column is given because, if the calculation had been 
conducted by rigorous methods instead of approximately, my results 
should have agreed very nearly* with these. The causes of several 


of the discrepancies are explicable. The error of mean water mark 
is due to the necessity for neglecting the annual and semi-annual tides 
in a short series of observations. The error in the height of S 2 is 
partly due to my taking IT = 1*034 instead of putting it equal to 1, 
as is virtually done in the Indian tidal instrument. If I had taken 
n = 1, I should have had =1*65 nearly. The error in phase 
in K 2 is a necessary incident of the shortness of the series of 
observations. The error of IN’ must be due to the shortness of the 
series, which has not permitted an adequate elimination of the' 
evectional and variational tides. The tide L is only about an inch 
in height, and accuracy of result could not be expected. 

The magnitude of the error in time in the diurnal tides is disap¬ 
pointing, but it is clear that the length of observation has not been 
sufficient to disentangle the 0 tide from the tide. It may be re¬ 
marked also that an error of 1 ° in phase makes twice as much difEer- 

^ I do not know the exact values of the constants used in the Bombay Tide 
Table, which has been used as representing observation. 
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ence in time witli tlie diurnal tides as with the semi-diumal. The 
errors o£ P fall under the same category as those o£ Kg. 

Lastly it is probable that all these errors .would have been 
sensibly diminished if I had subtracted 103 inches from the heights 
all through instead of 99, and I know that this is to some extent the 
case. 

(x.) Verification, 

In a calculation of this kind some gaoss error of principle may hare 
been committed, such, for example, as imputing to some of the Ps a 
wrong sign; and this is the kind of mistake which is easily over¬ 
looked in a mere verification -of arithmetical processes. It is well, 
therefore, to test whether the tide heights and times are actually 
given by the computed constants. This is conveniently done by 
selecting some three or four tides from amongst those from which the 
reductions have been made, and it makes the calculation much shorter 
if we pick out cases in which it is H. or L.W, within a few minutes 
of noon. 

For example, in the present case it was L.W. on February 16 
(day 46) at 0^ *7“ P.M., and the height was 4 ft. 0 in.; again, it was 
H.W. on March 25 (day 83) at 0*^ 3“ p.m., and the height was 
13 ft. 3 in. 

Now, if Z7 denotes the value of any equilibrium argument whose 
value at the epoch, 0^ January 1, was denoted in (q) by and if 
Ao denotes the height of mean sea-level above datum, the expression 
for the height of water is :— 

lb = Ao + f»,H«iCOS + (ZT, —at,)+ f"H''COS (TT'-'-k') 

+ COS ilJn—Kn) +fwHz COS (Ul—tci) -j-fH' COS (Z7—«') 

• -|-foHo COS {Uo — Kq) COS (Z^ —«^). 

The time of H.W. depends on a formula involving the sines of 
the same angles in place of cosines. 

Since we have chosen cases where it is H. or L.W. at noon, the 
Z7’s exceed the w’s by an exact number of days’ motion. 

The evaluation of the separate terms may be conveniently made by 
means of an ordinary nautical traverse table, where (neglecting the 
decimal point) fH is represented by the “Distance,” and 
fHcos (Z7 “-a:) is given by “Latitude,” and fHsin(Z7—«) by “De¬ 
parture.” 

If we know the time of H. or L.W. within 20“ or so, the follow¬ 
ing Calculation will give the true time and height The computa¬ 
tion applies to the first of the two cases where we know that there 
should be a L.W. at about 0^ of day 46. The increments of 
argument are computed from the Table G-, and the kb are subtracted 
either by actual subtractioa or by addition of 25r— at. 
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M 3 . 

83. 

En. 

N. 

1 . 

Ki. 

0 . 

P. 

Increment in 40^ 

464 *7 


78*9 

- 6f-9 

-452-7 

39 *4 

425-3 


Ditto 6** 

-146*3 


11*8 

-224-7 

- 67-9 

5*9 

-152*2 (see El) 

Ditto 46^ 

318-4 


90-7 

-282-6 

-520-6 

45 *3 

273-1 

-45-3 

u — 

203-6 


213-0 

9-5 

217-7 

196 -9 

3-4 

169-4 

TT^ 

522 *0 


803-7 

-273-1 

-302 *9 

242*2 

276-S 

124*1 

— JC = 

-332*1 

-8-3 

-3-3 

-h 40-2 

+ 120*4 

-53*1 

- 41-4 

-63*1 

- 

189-9 

-3*3 

300^4 

-232 *9 

-182*5 

189 •! 

235 -1 

71-0 

CT-jc = 

n--l-10 

-3 

-60 

9 r -53 

ff— 3 

ITtO 

5r + 55 

71 



f. 

H. 

fH. 

U-fc, 

fH cos (27—jc). 

fH sin (27—ic). 






+ 

— 

+ 


fMs 

1*03 

3*98 

4*10 

w + lO® 


4*04 


0*71 

Sa 

1*0 

1*60 

1*60 

- 3 

1*60 



0*08 

K* 

0*80 
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+ 0*14 
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A,= 

-1*41 

Bi= 

-0*25 







-0*35 

iBi= 

-0*13 





A2 + iAi — 

-3*36 

Bs+iBi= 

-0*35 


Time = -120" (= -120" x 11 = -12"=11'> 48® a.m:. 
'Aj + iAi/ 836 


Tabular time = 0^ 7“ p.m. 

Error =* —19®. 

A3+A1 = -4*42 
Mean -water +8*54 

Height = 4*12 

Height L.W. 4£t. 1 in. 

Tabular height . 4 0 

Error.. +1 

In the second case referred to above, fche calonlated height is 
18 ft. 6 in., and the t-abnlated height 13 ft. 8 in., and the error in time 
is —15“. 

These results are as good as might be expected, and, considered as 
a prediction, would be amply snflBcient for navigational purposes. 
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XII. «An Experimental Investigation of the Central Motor 
Innervation of the Larynx. Part I. Excitation Experi¬ 
ments.” By Felix Semon, M.D., P.R.aP., and Victor 
Horsley, B.S., P.II.S. (From the Laboratory of the 
Brown Institution.) Received June 17, 1890. 

(Abstract.) 

In this paper the authors cornmnnicate the first part of a series of 
researches in which they have been engaged from time to time since 
1886, on the nature of the representation of the intrinsic laryngeal 
movements in the central nervous system. 

Briefly stated, the anatomical arrangement of the laryngeal nerve 
centres they believe to be as follows:— 

a. Cortical areas of representation. 

&. Connecting fibres in the corona radiata and the internal 
capsule. 

c. Bulbar areas of representation. 

So also the ^physiological differentiation existing in the functional 
activity of these centres and fibres they regard as to be viewed from 
two standpoints— 

1. The pJionatory laryngeal movements. 

2. The respiratory laryngeal, movements. 

Of these the former are shown to be especially represented in the 
cortex, and the latter more particularly in the bulb. 

After a complete historical resume of the experimental, and also 
clinical, work already done on the subject, the authors describe and 
discuss the experimental procedure adopted by them, with especial 
reference to the complications introduced in the employment of 
varying intensity of stimulation, depth of anaesthesia, species, indi¬ 
vidual peculiaiities, and age of the animal. 

The results are then arranged in order, according to the part 
■stimulated, beginning with the cortex cerebri and ending with the 
bulb. 

It is shown that in the cortex cerebri there is represented the 
phmatory movement of adduction,* and that this is more completely 
developed, the higher the animal is in the scale of evolution. 

Further, that in the neighbouring regions of the cortex the respi¬ 
ratory movements of the larynx, acceleration, intensification, and 
slowing, are also represented. Only in one kind of animal, viz., the 
cat, were a focus and ai*ea of pure cortical representation of abduction 

* Discovered by Eerrier and accurately localised in the dog by Xrause. 
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observed- Notice is taken o£ the meaning of the acceleration or 
polypnoea thus evoked, and of its relation to the thermotaxio function 
suggested. 

Excitation of the corona radiata and the internal capsule resulted 
in the mapping out of the fibres conducting the above motor effects 
downwards, and it is suggested that the localisation by previous 
observers of basal centres for the functions above mentioned is 
possibly to be accounted for diferently in the light of these 
observations. 

Finally, the results of exploring the floor of the fourth ventricle by 
excitation are described, so far as intrinsic effects were produced in the 
larynx. The representation of adduction and abduction movements 
respectively was thus localised. 

In conclusion, the relations of the various parts of this central 
mechanism to one another are shortly discussed. 


XIII. ^‘Contributions to the Molecular Theory of Induced 
Magnetism.” By J. A. Ewino, F.R.S., Professor of Engi¬ 
neering in University College, Dundee. Received June 18, 
1890. 

As the facts of induced magnetism become better known, increasing 
interest attaches to molecular theories and increasing difficulty 
attends the theories that are current, Weber’s fundamental con¬ 
ception that the molecules of iron or nickel or cobalt are always 
magnets, and that the process of magnetising consists in turning 
them from many directions towards one direction, has been 
strongly confirmed by the now well established fact that 
there is a true saturation value, a finite limit to the intensity 
of magnetism, which may be reached or very closely approached 
by using a strong magnetic force.* Without going further back, 
to enquire (with Ampere) how the molecules come to be 
magnets, we may take this conception as the natural starting point 
of a theory. But when we go on to examine the conditions of con¬ 
straint on the part of the rotatable molecules which have been sug¬ 
gested to make the theory square with what is known about per¬ 
meability, about residual magnetism and other effects of magnetic 
hysteresis, about the effects of stress, of temperature, of mechanical 
vibration, and so forth, we find a mass of arbitrary assumptions 
which still leave the subject bristling with difficulties. Many of the 
phenomena* suggest, for instance, the idea that there is a quasi- 

* Ewing and Low, ^Phil. Trans.,’ 1889, A, p. 221. See also H. E. J. 0“. du 
Bois, • Phil. Mag.,’ April, 1890. 
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fiictional resistance which, opposes the turning of the molecular 
magnets; this notion lends itself well to account for the most obvious 
effects of magnetic hysteresis and the reduction of hysteresis hy 
vibration. On the other hand, it conflicts with the fact that ever the 
feeblest magnetic force induces some magnetism. M 7 object in this 
paper is to refer to another (and not at all arbitrary) condition of 
constraint which not only suffices to explain all the phenomena of 
hysteresis without any notion of friction, but seems to have in it abun¬ 
dant capability to account for every complexity of magnetic quality. 

• In describing Weber’s theory. Maxwell points out that, if each 
molecular magnet were perfectly free to turn, the slightest magnetic 
force would suffice to bring the molecules into complete parallelism, 
and thus to produce magnetic saturation. He continues, ‘‘ This, 
however, is not the case. The molecules do not turn with their axes 
parallel to the force, and this is either because each molecule is 
acted on by a force tending to preserve it in its original direction, or 
because an equivalent effect is produced by the mutual action of the 
entire system of molecules. Weber adopts the former of these sup¬ 
positions as the simplest.”* 

Weber supposes a directing force to act in the original direction of 
the molecule’s axis which continues to act as a restoring force in that 
direction after the molecule is disturbed. This assumed constraint is 
quite arbitrary; moreover, if it were the only constraint, there would 
be no residual magnetism when the deflecting force was withdrawn. 
Accordingly, Maxwell modifies Weber’s theory by introducing the 
further assumption that when the angle of deflection exceeds a 
certain limit the molecule begins to take permanent set. The de¬ 
velopment of this, however, does not agree well with the facts. 

The alternative which is offered in the sentence I have quoted from 
Maxwell was not followed up by him, and seems to have been very 
generally overlooked, notwithstanding its obvious freedom from 
arbitrary assumption. Several writera, notably Wiedemannt and 
Hughes,J have recognised the inter-moleeular magnetic forces by 
su^l’esting that the molecules, when unacted on by any magnetising 
force from outside, may form closed rings, or chains, “ so as to satisfy 
their natural attraction by the shortest path.”§ But Wiedemann ex¬ 
pressly postulates a frictional resistance to rotation, which will prevent 
Ihis arrangement from being more than approximately attaiined, and 
which may be more or less overcome by vibration. |j 

, ^ Maxwell, * Electricity and Magnetism,' vol. 2, § 443. 

Wiedemann, * G-alvaniamus,' 2nd ed., vol. 2 (1), p. 3^3. 

t Hughes, ‘ Eoy. Soc. Proc.,’ May 10,1883. 

§ Hughes {loc. cit.). 

II Wiedemann, ' PhiL Mag.,’ July, 1886, p* 52; ‘ Elektricitat,’ vol. 3. §§ 784^ 
785. 
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I lately commented on tlie fact tliat soft iron and other magnetic 
metals (notably nickel under particular conditions of strain)* show 
a remarkably close approach to instability at certain stages in the 
magnetising or demagnetising process.f When the magnetic force 
reaches a particular yalne. the rate of change of magnetism with 
respect to change of force may become enormous. Beferring to this 
in a paper which has jnst been published, J Mr. A. E. Kennelly has 
reverted to the idea of chains of magnetic molecules held together 
by the inter-molecular magnetic forces, and contends that when such 
a chain is raptured by applying a sufficiently strong external mag-^ 
netic force it will fall to pieces throughout, and the molecular 
magnets which compose the chain will take their alignment suddenly. 
He accordingly sketches what he calls a “chain-theory” of mag¬ 
netisation and an adaptation of the theory of Hughes, in which, 
however, he postulates an elastic resistance to the rotation of the 
molecules in addition to the constraint afforded by their mutual 
magnetic forces. Mr, Kennelly’s remarks are highly interesting and 
suggestive; but I do not think (for reasons which will appear im¬ 
mediately) that the notion of closed magnetic chains can be main¬ 
tained as a general account of the molecular structure of unmagne¬ 
tised iron. 

I have experimented on the subject by making a model molecular 
structure consisting of a large number of short steel bar magneiE, 
strongly magnetised, each pivoted like a compass needle upon a 
sharp vertical centre and balanced to swing horizontally. We 
cannot readily imitate in a model the two degrees of rotational 
freedom possessed by actual molecular magnets, but a group of 
magnets swinging in one plane gives a sufficiently good general idea 
of the nature of the equilibrium which is brought about by inter- 
molecular forces, and the manner in which that equilibrium is dis¬ 
turbed when an external force is applied. The model is very easily 
made. Each magnet is a piece of steel wire about one-tenth of an 
inch in diameter and two inches long (fig. 1), bent in the middle to 
bring the centre of gravity below the point of support. The hole 
or rather recess for the pivot is made by a centre punch: the pivot 
itself is a sewing needle fixed upright in a small base plate which is 
punched out of a sheet of lead. The bars swing with but little 
friction, and their pole strength is sufficient to make the mutual 
forces quite mask the earth’s directive force when they are set 
moderately near one another. The group is arranged on a board on 
which lines are drawn to facilitate regularity in grouping when that 

* See a paper by H. Nagaoba, ‘ Journal of the Science College of the Uniyersity 
of ToMo/ Tol, 2, 1888, p. 30 i. 

■ t < Journal of the Institution of Electrical Engineers,’ No. 84, 1890, pp.38—40. 

X * The Electrician,’ June 7th and 13th, 1890. 
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IS wanted, and the board slips into a large frame or open sided flat 
box wound round the top, bottom, and two sides with a coil throogh 
which an adjustable current maj be passed to expose the group to a 
nearly homogeneous external magnetic force. The coil is wound in 
a single very open layer, through which a sufficiently good view of the 
group inside is obtained.* A liquid rheostat with a sliding terminal 
is used to secure continuity in varying the magnetic force. It is 
scarcely necessary to add that the magnetic force which is applied to 
the group is too weak to have any material effect on the magnetism 
of individual bars. It alters their alignment only, just as a magnetic 
force alters the alignment of Weber’s molecular magnets. 

When a number of these magnets are grouped either in a regular 
pattern or at random, and are left after disturbance to come to rest 
free from external magneiuc force, they of course assume a form 
which has no resultant magnetic moment, provided the number be 
sufficiently great—^but it is apparent that they do not arrange 
themselves in closed chains. Any such configuration would in 
general be unstable. Many stable configurations admit of being 
fenrmed, and if the magnets are again disturbed and left to settle 
the eh$noes are much against any one configuration immediately 
repeating itself. One general characteristic of these configurations 
is that they contain lines consisting of two, three, or more magnets, 
aach member of a line being strongly controlled by its next 
neighbours in that line, and but little influenced by neighbours 
which lie off* the line on either side. Thus, if there are two magnets 
simply, they form (as might be anticipated) a highly stable pair, 
thus:— 

* In showing the experiments, the IxMurd with the magnets on it may, of course, 
be placed in clear riew above the coil; the U is. then made larger, or a stronger 
current is used. 

VOL. XLVIir. 2 B 
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Witli three magnets, two form a line along one side of the triangle 
joining the fixed centres, and the third lies parallel, or nearly so, facing 
the opposite way. Four magnets will nsnally form, two lines with 
directions which lie nearly along two sides of the quadrilateral, but 
diagonally opposite magnets may pair, leaving the others unattached. 
Suppose them set at the corners of a rectangle with unequal sides; 
they may lie in any of these forms— 



; f V ; 

if the inequality in distance be not too great. All these configura¬ 
tions are stable, and the condition of least energy, while making the 
first of them the most probable, does not prevent the occasional 
formation of the others. In a long line, the same condition leads in 
general to this formation— 


but it is by no means uncommon to find a line broken into two or 
more sections, thus— 


Seven magnets grouped so that the centres of six form a regular 
hexagon, with one in the middle, have a great variety of possible 
stable configurations, of which these are examples:— 


Fio. 2. 


\ 








\ 


Experimental study of the forms wHoh may be assumed by 
groups, and of the vibrations which may be transmitted through 
groups, is interesting, but to pursue it would be beside my present 
purpose. In all cases, the configuration assumed by a group is such 
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that there is stability for small displacements, but difEerent positions 
of the ^ronp may be stable in different degi^ees, and if njcmbers of 
the ^ron^j bb turned through a snfficiently great angle, they become 
unstable, and fall into a hew position of stability, bringing about 
a partial reconstruction of the lines that characterise the group. 
Special interest attaches to square patterns, from the fact that iron 
and nickel (probably cobalt also) crystallise in the cubic system. 
In a square pattern of many inembers, we find, in general, lines 
running parallel with all sides of the square when the group settles 
without directiTe force after a disturbance. 

Let th^ group, or collection of groups, be subjected to auf external 
magnetic force, »§, gradually increasing from zero. The first effect 
is to produce a stable deflection of all members except those which 
lie exactly along or opposite to the direction of This results in 
giving a spaall resultant moment to the group (assuming that there 
was none ,to bt^n with), which increases at a uniform or very nearly 
uniformL ^D^te as «§ increases. This corresponds to the first stage in 
the magnetisatioii of iron or other magnetic metal ;(u, fig. 3). The 
initial susceptibility is a small finite quantity, and is sensibly uniform 
for very small values of 

Suppose that, without going beyond this stage, we remove *§; the 
molecular magnets, not having been deflected beyond the limit of 
stability, simply return to their initial places, and there is no residual 
magnetism. This, again, agrees with the fact that no residual 
magnetism is produced by very feeble magnetising forces. Up to 
this point, there has, been nC hysteresis. But let the value 

of ^ be increased untjd pas# o|;; gi^up becomes unstable, and 
hysteresis immediately^ cpmes^ 'M the same time, there 

begins to be a spsceptiHli^*—that is to say, 

a marked increa^igi'lfc-jr^.^'lril^^a^^^t© r^ultant moment is 
acquired. It which the state of 

instaHli^ of throughout the 

group. But, w4 elwentary magnets, 

#r different li^ib.e^ different vsdues 

of, The of to bring about 

insl^bility tbrc^ghout the whple^ pa? n(^iy the wh'i^ of the membei^ 
iu most grouj^lis not'laj^ge; we^ action of the 

model a clo^ analogy to the mmmA st^e fig» 3) of the process of 
magnetisation, jm which ^ the Mses more dr less suddenly, 

as well as to thevfii^ #age 

During the second s^ge (|), the magnetic elements fall for the 
most part into ^lines which s^gnee more or le^ exactly with the 
direction of If» at) the ead^c^. finei stage, we remove we find 
that a very la^ proportions oC/^o segregate moment which the 
group has acquired remains; in otter words, there is a great deal of 

2 B 2 
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residual niagnetism. To take an instance, suppose we have a group 
lying initially as in fig. 4, and apply a magnetic force, in the 
direction sketched, the first stage (a) deflects all the molecular 


I^S. 4. 


\ 
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magnets slightly, without making any of them become unstable; the 
second stage (&) brings the molecules into the general direction 
shown in fig. 5 or rather that is the direction they assume when *§ 


Fia. 5. 


\ 


\ 






1 






1 



ft 


is removed, and the residual magnetism contributed by the group is 
then the sum of their moments resolved along When is acting, 
the components along # are slightly greater, for the molecule 
are then (stably) deflected through a small angle towards the line 
of 

Let ^ be further increased—^we now have the third stage (c, 
fig. 8 ), which consists in the closer approach to saturation that is 
caused by the molecules being more nearly pulled into exact line 
with <§ (fig. fi). Whether there will be instability during the 
deflection of them from the lines of fig, 5 will depend on the close- 
ne^ of the poles, and on the inclination of the lines of fig. 5 to the 
direction of »§ (see below). In some groups, saturation will be 
complete with a finite value of 5 in others, it will only be closely 
approximated to. In magnetising any actual specimen of iron, we 
have, of course, to deal with a multitude of groups the lines to 
which lie at very various inclinations to If we remove the 
force ^ at any point in stage (c), we find very little, if any, more 
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residual magnei^tei iliau was i6iiiM j stage (&). The 

ratio of residual ip iuduOed magueli^ fe#®^^ about the end 

of stage (6), a|^ dimiuMiPs as; ilage This, again, 

agrees completely with the observed facts. 

There is some hysteresis during the removal (whether complete or 
partial) and re-application of magnetic force, because (provided we 
have enough groups to deal with) there will be some lines of 
elements which pass to and fro through a condition of instability 
during the removal and re-application of the force. For certain 
inclinations of the line the movements are not reversible. 

Suppose, next, that having applied and removed a strong force 
leaving strong residual polarity, we begin slowly to reverse *§. At 
first, the effects are slight; presently, however, instability begins, 
and, as the force is increased within a narrow range, we find the 
molecules all upset. This is followed by a stage of nearly elastic 
deflection as saturation is approached. Thus, the well-known general 
v'jharacteristics of cyclic processes are all reproduced in the model 
(see fig. 8 below). 

Again, a small repeated cyclic change of *§ superposed upon a 
constant value of ^ produces small changes of resultant moment, 
which are reversible if the change of Jq is very small. This, as Lord 
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Bayleigli lias shown,^ is what happens in a magnetic metal, and the 
susceptibility with respect to small cyclic changes is small in the 
model, just as it is in the actnal solid. 

The chief facts of permeability and retentiveneSs, and hysteresis 
generally, are therefore at once explicable by supposing that Weber’s 
molecular magnets are constrained by no other forces than those due 
to their own mutual magnetic attractions and repulsions. No arbi¬ 
trary constraining forces are required. In the model the centres of 
rotation are fixed; in regard to the actual solid we may make an 
equivalent supposition, namely that the distances between the mole¬ 
cular centres do not change (except in so &.r as they may be changed 
by strain). 

Hysteresis, then, is not the result of any quasi-frictional resistance 
to molecular rotations; it occurs whenever a molecule turns from 
one stable position of rest to another throi^h an unstable con¬ 
dition. When it is forced to return it again passes through a 
condition of instability. This process, considered mechanically, is not 
reversible; the forces are different for the same displacement going and 
coming, and there is dissipation of energy. In the model the energy 
thus expended sets the little bars swinging, and their swings take 
some time to subside. In the actual solid the energy which the 
molecular magnet loses as it swings through unstable positions 
generates eddy currents in surrounding matter. Let the magnets of 
the model be furnished with air-vanes to damp their swings, and the 
correspondence is complete. 

A regular group of elementary magnets, especially when furnished 
with air-vanes, gives a good illustration of what has been called 
magnetic viscosity. When the imposed force ^ reaches a critical 
value one of the outer members of the group becomes unstable^ and 
swings slowly round; its next neighbours, finding their stability 
weakened, follow suit, and the disturbance spreads through the 
group in a way eminently suggestive of those phenomena of time-lag 
in magnetisation which I have described in a former paper.f 

The model shows equally well other magnetic phenomena which 
presumably depend on the inertia of the molecules, such as the fact 
that a given force causes more magnetic induction when suddenly 
applied than when gradually applied, and leaves less 3 ?esidual 
magnetism when suddenly removed than when gradually removed.^ 

The well known effects of mechanical vibration in aigmenii^ 
magnetic susceptibility and reducing retentiveness are readily explic¬ 
able when we consider that vibration will cause periodic chang^ in 
the distances between molecular centres. This has not only a direct 
influence in making the molecular magnets respond more easily to 

♦ ^Thil. March, 1887. 
f * Roy. Soc. Proc.,’ ^une, 1888- 
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changes of magnetic force by reducing their stability during the 
intervals when they recede from each other, but tends indirectly 
towards the same result by setting them swinging. 

The effects of temperature which are common to the three magnetic 
metals may be stated thus :—^Leb any moderate magnetising force be 
applied not strong enough to produce anything like an approach to 
magnetic saturation, and let the temperature be raised. Then the 
permeability mcreases until the temperature reaches a certain (high) 
critical value, at which, almost suddenly, there is an almost complete 
disappearance of magnetic equality. As regards the first effect, it is 
clear that an increase of permeability is to be expected from the 
theory; expansion with rise of temperature involves a separation of 
the molecular centres, and therefore a reduction of stability. As 
regards the almost sudden loss of susceptibility which occui’S at a 
high temperature, it may do no harm to hazard a rather wild con¬ 
jecture. We may suppose the molecular magnets to be swinging 
more or less, the violence of the swings increasing as the temperature 
rises, until finally it develops into rotoMcm. Should this happen, all 
trace of polarity would of course disappear. The conjecture that the 
molecular magnets oscillate more and more as the temperature 
rises, is at least supported by the fact (carefully investigated by 
HopHnson* in iron and nickel; data for cobalt also have lately been 
supplied by du Boisf) that under strong magnetic forces rise 
of temperature reduces magnetism; for with strong forces the mole¬ 
cular magnets are already ranged so that their mean direction is nearly 
parallel to ^; hence the earlier effect of heat (to diminish stability and 
facilitate alignment) does not tell, and the increased swinging simply 
results in reducing the mean value for each molecule of its moment 
resolved parallel the magnetising force. 

Before referring to effects of stress we may consider shortly the 
stability of a pair or line of magnets, treating each as a pair of poles 
subject to the law of inverse squares. Take first a single pair of 
equal magnets with centres at 0 and O'. The poles P, P' would lie 
in the line CO', but for the imposed force which produces a deflec¬ 
tion CGT^ or C'CP = 6. 

Let a be the angle which ^ makes with the line of centres, 7 n the 
pole strength, and r the half length of the magnetic axis of each 
magnet. The deflecting moment is 

2^mr sin (a—0), 
and the restoring moment is 

ppTS’ 

* * Phil. Trans./ 1889, A, p, 443 j ‘Boy. Soc. Proc.,’ June, 1888. 
t ‘ Phil. Mag.,’ April, 1890. 
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ON being drawn normal to PP'. Tbe restoring moment at first 
increases with 0, but passes a maximum at a value of 0 which 
depends on the relation of r to the distance between the centres. The 
condition of equilibrium is 

sin 

PP^ > 


and as ^ and 0 are increased the equilibrium becomes neutral, that is 
to say, the condition of instability is reached, when 

£( 2Jgmr sin (cc-e) j = i 
d0\ ^ de 

These two equations serve to determine the value of «§ and of 0 at 
which instability occurs. If we have to deal with a long line of 
magnets instead of a sii^le pair, we have to write 2m® instead of m® 
in the restoring moment. 

A considerable amount of stable deflection is possible when the 
distance between the poles is not small compared with r. When the 
direction of is not much inclined to 00' (that is, when a has a 
value approaching 0) there is no instability. In rows having various 
inclinations to the first to become unstable as ^ is increased will 
be that for which 0 is equal to 
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If a, tlie lialf distance between neigbbonrmg poles in tbe undeSected 
position, be small compared witb r, there is but little deflecfcion before 
instability occurs, and in that case, provided « be not small nor nearly 
equal to sr, tbe occurrence of instability is defined by tbe condition 

AM -- 0 

de pp'^ , ’ 


wbicb is satisfied when tan <p = 


1 

a/2 


; 0 being tbe inclination of PP' 


to tbe line of centres. Hence, witb tbe same proviso (<* not nearly 
equal to 0 or to tt, and a small compared witb r), tbe value of wbicb 
causes instability is 




m 

12 a/ 8 . a^sin a 


for a single pair of magnets, and twice this quantity for tbe middle 
members of a long row. This is, of course, least for magnets wbicb 
lie normal to 

In tbe special case wben « = 9r instabibty occurs when 


ft ^ 

witb tbe single pair, or m/4a^ witb tbe row. 

Applied to tbe case of a group of rows, uniform in distance between 
tbe centres, but various as regards tbeir direction witb respect to 
these considerations show that after <§ bas reached a value sufficient 
to make tbe. most susceptible members unstable, no very great 
increase is required to bring about instability in by far tbe greater 
number of tbe other rows. One general efiect of increasing tbe 
distance between all tbe centres is to reduce tbe range of valuation of 
within wbicb most of tbe difEerent rows become unstable as tbe 
force is progressively increased. 

In annealed metal, where we may expect considerable general 
homogeneity, as regards distance between tbe centres of tbe molecular 
magnets, we find that practically tbe whole of tbe abrupt stage in tbe 
process of magnetisation is included within narrow limits of magnet¬ 
ising force. We accordingly obtain curves like AA (fig, 8). 

When tbe metal is strained sufficiently to receive permanent set 
tbe curves take more rounded outlines (such as BB), showing less 
susceptibility throughout, less residual magnetism, and more coercive 
force. Tbe most natural explanation of this, on tbe basis of tbe mole¬ 
cular theory, appears to be that mechanical set produces on tbe whole 
a shortening of tbe distances between molecular centres, hence greater 
stability and more coercive force; but this is associated witb betero- 
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geneity, tliat is, Yariety in tlie distances, hence the ronnded ontlines 
of the cnrYes. We know that set tends to develop, or at least to 
emphasise, heterogeneity; for instance, a bar of iron or steel pulled 
in the testing machine stretches irregularly after the elastic limit is 
passed. 

The effects of stress and consequent elastic strain on magnetic 
quality are so complex and so Yarious in iron, nickel, and cobalt that 
it would be premature to attempt any full discnssion of them from 
the point of view of the theory now sketched. Only a few general 
features need be referred to at present. Some of these can be traced 
experimentally in the model by setting the supports of the magnets 
upon a sheet of thin india-rubber, which may be stretched or dis¬ 
torted to imitate the conditions of longitudinal or torsional strain. 

When pulling stress is applied, those rows of molecular magnets 
which lie more or less along the direction of the stress have their 
stability reduced by the lengthening of the lines of centres; similarly, 
rows which lie more or less normal to the stress have their stability 
increased. The resulting effect on the general susceptibilily of the 
material will depend on which of these conflicting influences prepon¬ 
derates. Let pull be applied before magnetisation begins while the 
metal is still in a neutral state. The stretdhiug of longitudinal lines 
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and the contraction of transverse lines will not only alter the stability 
of those molecules which continue to lie in their original rows, but 
will tend to make the members of those rows which are much 
lengthened swing round and form transverse lines in which they will 
be more stable than before. We may, therefore, reasonably expect 
that the permeability with regard to strong fields will be reduced by 
pull, as it actually is both in iron and in nickel, though -with regard 
to weai fields the permeability may be increased, as it is in iron. 

Again, the theoiy explains well why the effects of stress are by no 
means the same (1) when the stress is applied first and the magnetic 
force after, and (2) when the magnetic force is applied first and the 
stress after. 

Let a moderate magnetising force be applied, and thmi begin to 
S'Pply stress. The first effects are in genes^ large, for the strain pre¬ 
cipitates into instability those molecular magnets which were already 
on the verge of instability. This is beautifuUy apparent in iron (see 
Phil. Trans., 1885, Plates 63 and 64), and the theory shows 
why the first effects are not reversible, why they do not disappear 
when the stress is removed, and why it is only in subsequent applica¬ 
tions and removals of the stress that the magnetic charges become 
cyclic. . 

The same remark evidently applies, to the first eff^ of stress on 
residual magnetism; also to the first effects of temperature cimnge 
either on induced or residual magnetism. Again, the theory shows 
that when a cyclic change of stress is repeated, there -will be hyste¬ 
resis in the corresponding changes of magnetism, whether induced or 
residual, unless either the cyclic range is very small or the magnetism 
approaches saturation. During each appEoation of the stress some 
molecular magnets wiU swing through unstable positions; during the 
removal of stress they will swing back, but not at the same values of 
stress. And it -will be characteristio of this hysteresis that the 
variation in magnetism wiE begin slowly when the change from 
applying to removing stress, or fi^om removing to applyino' stress 
begins. All this agrees with the facts. ’ 

Moreover, the theory shows that even in the absence of any resultant 
magnetisation a cycle of stress makes the molecular configuration 
pass through a series of changes which will at first not be cyclic, but 
will become cycEc when the stress-cycle is repeated, and in which 
any intermediate value of the stress will be associated -with different 
co^gurations during the going and coming parts of the process. In 
other words, we see that there -will be hysteresis in the relation 
of molecular configuration to stress when a cycle of stress is 
repeated. Hence certain rather obscure effects which have been 
observed in magnetic experiments; for instance, where an iron 
wire is loaded and partially unloaded down to a given load before 
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being magnetised, its permeability is not the same as wben tbe wire 
is completely unloaded and reloaded up to tbe same load. Expe¬ 
rimental results of tbis kind led me in 1884 to write; If we apply 
and remove stress in a wire whose magnetic state is entirely neutral, 
we cause some land of molecular di^lacement in the relation of which to 
the applied stress there is hysteresis”* Tbe theory now ofEered shows 
how this happens. Hence also the remarkable hysteresis which the 
thermoelectric quality of iron exhibits with regard to cyclic changes 
of stress, discovered by Oohn, and more folly described in ^Phil. 
Trans./ 1886, p. 361. The hysteresis of molecular configuration with 
respect to stress has been proved to be removable or reducible by 
vibration. 

Erom this theoretical explanation of hysteresis in the effects of 
stress, it at once follows that a cyclic change of stress (provided 
it be not very small) involves some dissipation of energy in a 
magnetic metal, whether the piece be magnetised or not. We m&y 
expect this dissipation to be most considerable under conditions 
which make the magnetic hysteresis large. But it will occur even 
when there is no external trace of magnetism. 

This, of course, implies that in a cyclic process of loading and un¬ 
loading, work must be spent. There is no perfect elasticity in a 
magnetic metal, however slowly the process of straining be per¬ 
formed, Under any load there is less strain during application than 
during removal. This is borne out by experiments on the extension 
of iron wires (‘Brit. Assoc. Hep.,’ 1889, p. 502). 

The same action occurs to a marked degree in torsional strains. In 
a twisted specimen there will be a tendency on the part of the mole¬ 
cular magnets to range themselves along lines agreeing more or less 
with the direction of maximum contraction. Alternate twisting to 
opposite sides should therefore cause much molecular swinging 
through unstable positions, with consequent dissipation of energy, 
even in a piece which is not magnetised. 

Without going at present into details, it may be added that the 
phenomena of molecular “ accommodation ” studied by Wiedemann 
and by H. Tomlinson accord with the theory, and that it seems to 
lend itself well to explain the very remarkable results which have 
been obtained by Hagaoka*!* in experiments with nickel wire under 
twist or under a combination of pull and twist. It also agrees with 
what little is known as to the infiuence that previous magnetisation in 
one direction has upon subsequent magnetisation in another direc¬ 
tion. 

To sum up, I have endeavoured to show— 

^ ‘Phil. Trans.,’ 1885, p. 614. 

t ‘Journal of the College of S(3ience of the IJniirersity of Totio,’ vol. 2,1888. 
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(1.) Tliafc in considering tlie magnetisation of iron and other mag¬ 
netic metals to be caused by the turning of permanent molecular 
magnets, we may look simply to the magnetic forces which the 
molecular magnets exert on one another as the cause of their direc¬ 
tional stability. There is no need to suppose the existence of any 
quasi-elastic directing force or of any quasi-frictional resistance to 
rotation. 

(2.) That the intermolecular magnetic forces are sufficient to 
account for all the general characteristics of the process of mag¬ 
netisation, including the variations of susceptibility which occur as 
the magnetising force is increased. 

(3.) That the intermolecular magnetic forces are equally compe¬ 
tent to account for the known facts of retentiveness and coercive 
force and the characteristics of cyclic magnetic processes. 

(4.) That magnetic hysteresis and the dissipation of energy 
which hysteresis involves are due to molecular instability resulting 
from intermolecular magnetic actions, and are not due to anything in 
the nature of frictional resistance to the rotation of the molecular 
magnets. 

(5.) That this theory is wide enough to admit explanation of the 
diffierences in magnetic quality which are shown by diffierent sub¬ 
stances or by the same substance in different states. 

(6.) That it accounts in a general way for the known effects of 
vibration, of temperature, and of stress upon magnetic quality. 

(7.) That in particular it accounts for the known fact that there is 
hysteresis in the relation of magnetism to stress. 

(S.) That it further explains why there is, in magnetic metals, hyste¬ 
resis in physical quality generally with respect to stress, apart from 
the existence of magnetisation. 

(9.) That, in. consequence, any (not very small) cycle of stress 
occurring in a magnetic metal involves dissipation of energy. 


XIV. ‘‘ On the Kelation between the Magnetic Permeability of 
Rocks and Regional Magnetic Disturbances.” By A. W. 
RxjOKER, M.A., P.R.S. Received May 30,1890. 

[Publication deferred.] 


XV. “On tlie Causes of the Phenomena of Terrestrial Mag¬ 
netism, and on some Electro-mechanism for exhibiting the 
Se( 5 nlar Changes in its Horizontal and Vertical Com¬ 
ponents.” By H. Wilde, F.R.S. Received April 22,1890. 

[Publication deferred.] 
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Service des Topographies Souterraines. 4to. Baris 1889. 

Ministdre des Travaux Publics, 
India:—Geological Survey. Records. Vol. XXIII. Part 2. 8vo. 
Calcutta^ 1890. The Survey. 

Trigonometrical Branch, Survey of India. Spirit-levelled Heights. 
No. 5. Madras Presidency. Season 1888-89. 8vo. Dehra 
Dun 1890. The Survey, 

Kiel:—K, Stemwarte. Publication. IV. 4to. Kiel 1890. 

The Observatory. 

London:—Meteorological Office. Daily Weather Report. January 
to June, 1890. 4to. Weekly Weather Report. 1890. 

Nos. 17—^26. 4to. London ; Summary of the Observations made 
at the Stations included in the Daily and Weekly Weather 
Reports. April to December, 1888. January to March, 1890. 
4to. London. The Office. 

Royal Observatory, Greenwich. Observations, 1887, with Ap¬ 
pendices 1—3. 4to. London 1889; Results of the Astro¬ 
nomical Observations, 1887, 4to. London 1889; Results of 
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Observations, <fec. (contmwed'). ^ 

the Magnetioal and Meteorological Observations, 1887. 4to. 
London 1889; Report of the Astronomer Royal to the Board 
of Visitors, 1890. 4to. [London,'] The Observatory. 

Melbourne:—Department of Mines. Reports of the Mining 
Registrars for the quarters ended 30th September and 31st 
December., 1889- Folio- Melbourne. 

The Department. 

’Observatory. Monthly Record. eTnly to December, 1889. 8vo. 
Melbourne‘S, Twenty-fourth Report of the Board of Visitors. 
Folio. Melbourne 1889. The Observatory, 

Bnblic Library, Museums, and IN'ational Gallery of Victoria. 

Report. 1888. 8vo. Melbourne. The Trustees. 

Royal Sanitary Commission. Second and Third Progress Re¬ 
ports and Final Report into the Sanitary Condition of Mel¬ 
bourne. Folio. Melhou/rne 1889-90. 

The Victorian Government. 
.Mersey:—Report on the Present State of the IN'avigatiom of the 
River Mersey. 1889. By Admiral Sir G. H. Richards. Svo. 
London 189Q. Sir G. H. Richards, F.R.S. 

Mexico:—?Gbservatmo Meteoroldgico-Magnitico Central. Boktin 
Mensual. Tomo IL ¥4m. 5-6. 4±o. MSxico 1889. 

The Observatory. 

lIilan- 2 —R. *Osservat©riodi Brera. Osservazioni 1889- 4to. Milano. 

The Observatory. 

Eew South Wales:—^Department -of Mines, Sydney. Records of 
the Geological Survey. Vol. L Part 3- # 0 . Sydney 1890. 

The Department, 

.Nice:—Observatoire. Annales. Tome III (and Atlas). 4to. 

Faria 1890. M- Bischoffsheim, 

Paris:—Observatoire. Rapport Annuel pour TAnn6e 1889. 4to. 

Fauns 1890. The Observatory. 

Pennsylvania:—Geological Survey. Annual Report for 1887. Svo. 
Karrisburg 1889. With various other Reports and Atlases. 
Svo. The Survey. 

Philadelphia: — United States International Exhibition, 1876. 
Catalogue of the Chinese Imperial Maritime Customs CoUec- 
tion. 4to. Shanghai 1876. 

Essex Institute, Salem, Mass. 
Pulkova:—Observatoire. Observations. Vo). VIII. 4to. 8t. 

Fetershourg 1889; Suppkment 2 aux Observations. 4to. 
St. Fetersbourg 1889; Zum 50-jahrigen Bestehn der Nicolai- 
Hauptsternwarte. 4to. 8t. Feter^urg 1889. With siiindry 
other publications of the Observatory in Svo. 

The Observatory. 
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Observations, &c. (continued). 

Rio de Janeiro:—Observatorio Metfeorologicb. Bolotind Mensaes. 
VoL III, Anno 1888. 8yo. Hio de Janeiro. 

Tbe Observatory, 

Washington:—U.S. Patent Office. Official Q-azette. VoL L. Hos. 
1—12. Yol. LI. Hos. 1—12, with Alpbabetical Lists of 
Patentees and Inventions, Yols. XLYII—XLIX. 8vo. 
Washington 1889-90. The Office. 

Windsor, New Sonth Wales. Mr. Tebbntt’s Observatory. Reports, 
1888-89. 8to. Sydney 1889-90. ^ Mr. Tebbntt. 


Joiimlbls. 

American Chemical jbhrnal. Vol. XY". No. 8. Vol. XYL Nos. 1-4. 
8vo. Baltimore 1889-90; Genferjtl Index of Yols. I-X. 8vo. 
Baltimore 1890. The Editor. 

American Journal of Philology. Yol. XI. No. 1. 8vo. Baltimore 
1890. The Editor. 

American Journal of Science. January to June, 1890. 8vo. New 
Ha'uen. The Editors. 

Analyst (The) January to June, 1890. 8vb. London. 

The Editor. 

Annalen der Physik und Obemie. 1890. Nos. 1-4. 8vo. Leipzig; 
Beiblatter. 1889. No. 12, 1890. Nos. 1-3. 8vo. Leipzig. 

The Editor. 

Asclepiad (The) Yol. YII. No. 26. 8vo. London 1890. 

Dr. Richardson, E.R.S. 

Astronomie (L’) Janvier-Avril, 1890. 8vo. PaHs. 

The Editor. 

Astronomische Nachrichten. Bd. CXXIII. 4to. Kiel 1890. 

The Editor. 

Ateneo (El) Revista Mensual Oientifica, Literatia, A±*tistica y 
Bibliografiea. Afio 1. Ndm. 5. 8vo. Palma de Mallorca 1890. 

The Editor. 

Athens^m (The) January to June, 1890. 4to. London, 

The Editor. 

Boletin de Minas Industria y Construcciones. 1890. Ndm. 1-2. 

4to. Lima, The Editor. 

Builder (The) January to June, 1890. 8vo. London. 

The Editor. 

Chamber of Commerce Journal. January to June, 1890. 4to. 

London, London Chamber bf Commerce. 

Chemical News. Jaiiiuai^ to June, 1890. 8vo. London. 

Mr. W, Crookes, F.R.S. 
Cosmos. Janvier^Juin, 1890. 8tp. Pans. M. rAbb6 Yalette. 
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Journals (continued). 

Educational Times (The) January to June, 1890. 4to. Londom 

The College of Preceptors. 
Electrical Engineer (The) January to June, 1890. Polio. London, 

The Editor. 

Electrical Eeview (The) January to June, 1890. Folio. London, 

The Editor. 

Electrician (The) January to June, 1890. Folio. London. 

The Editor, 

Epigraphia In(^ca, and Record of the Archseological Survey of 
India. Part 4 4to. Calcutta 1889. The India Oflfice. 

G-alilee (Le) Ann6e 2. ITo. 5. 8vo. Paris 1890. The Editor. 
Horological Journal (The) Vol. XXXII. No. 382. 8vo. London 
1890. British Horological Institute. 

Industries. January to June, 1890. 4to. London. 

The Editor. 

Meteorologische Zeitschrift. Januar-Juni, 1890. Small folio. Wien, 
Oesterreichische Gesellsohaft fiir Meteorologie. 
Mittheilungen aus der Zoologischen Station zu Neapel. Bd. IX. 

Heft 3. 8vo. Perlin 1890. Dr, Bohrn. 

Morskoi Shornik. [Eussian.) 1889. No. 12. 1890. Nos. 1-6. 8vo. 

St. Petersburg. Compass Observatory, Oronstadt. 

Naturalist (The) No. 179. 8vo. London 1890. The Editors. 

Nature. January to June, 1890. Roy. 8vo. London. 

The Editor. 

New York Medical Journal. Januairy to June, 1890. 4to. New 
^orh. The Editor. 

Notes and Queries. January to June, 1890. 4to. London. 

The Editor. 

Observatory (The) January to June, 1890. 8vo. London. 

The Editors, 

Revista do Observatorio, Anno Y. Num. 5. 8vo. Bio de Janeiro 

The Observatory, Rio de Janeiro. 
Revue G^n^rale des Sciences. Janvier-Juin, 1890. 8vo. Paris. 


The Editor. 

Revue Internationale de FElectricitd. Janvier-Juin, 1890. 8vo. 

^ The Editor. 

Revue M4dico-Pharmaceutique. Annee 3. No. 6. 4to. Constanti¬ 
nople 1890. The Editor. 

Revue Scientifique. Janvier-Juin, 1890. 4to. Paris. 

The Editor. 

Sbomik Materialov dlya Opisaniya Myestenostei i Piemen Elav- 
kaza. [Collection of Materials for the Description of the 
Localities and Races, of the Caucasus— Bussian.] 8vo. Tiflis 
1890. Curateur de TArrondissement Scolaire du Cauc^se. 
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Societatum Litterse. 1888. KoTemter-DecemlDer. 1889. Januar- 
DecemTDer. 8vo. JE^ranlcfurt-am-Oder. 

iN'aturwissenscL.aftliclier Yerein, Frankfurt. 
Stazioni Sperimentali Agrarie Italiane (Le) Yol. XYIII. Faso, 5. 

8vo. Asti 1890. R. Stazione Fnologica di Asti. 

Symons’s MontHy Meteorological Magazine. January to June, 
1890. 8vo. London, Mr. G. J. Symons, F.R.S. 

Zeitsclirift fiir Biologie. Bd. YIII. Heft 4. Bd. IX. Heft 1. 8vo. 
Munchen 1889-90; General-Register. Bd. I-XXY. 8ro. 
Miinchen 1890. The Editors. 


Babbage (H. P.) Babbage’s Occulting Telegraph. 8vo. London 
[1890]. The Author. 

Bemmelen (J. F. van.) De Erfelijkheid van Yerworven Eigen- 
schappen. 8vo. Gravenhage 1890. 

Provinciaal TJtrechtsch Genootschap van Kunsten 

en Wetenschappen. 

Brodie (Rev. P. B.) On the Character, Yariety, and Distribution of 
the Fossil Insects. 8vo. Warwick [1889]. The Author. 

Clowes (F.) A Treatise on Practical Chemistry and Qualitative 
Analysis, Fifth edition. 8vo. London 1890. The Author. 

Dali (W. H.) Deep Sea Mollusks and the Conditions under which 
they exist. 8vo. Washington 1890; On Dynamic Influences in 
Evolution. 8vo. Washington 1890. The Author. 

Danielssen (D. C.) Den Norske Xordhavs-Expedition. Actinida. 
4to. Ghristiania 1890. 

Davis (X. D.) The Cavaliers and Roundheads of Barbados, 
1660-1652. 8 VO. Georgetoton 1887. With Four Pamphlets. 8vo. 
Lemerara, The Author. 

Dawson (Sir W.), F.R.S. Xote on a Fossil Fish and Marine Worm. 
8vo. 1890. The Author. 

Dawson (Sir W.), F.R.S., and D. P. Penhallow. On the Pleistocene 
Flora of Canada. 8vo. Washington 1890. The Authors. 

Evans (J.), Treas. R.S. Address at the Anniversary Meeting of the 
Society of Antiquaries. 8vo. London 1890. The Author. 

Gilbert (J. H.), F.R.S. Results of Experiments at Rothamsted on 
the Growth of Leguminous Crops. 8vo. Cirencester [1890]. 

The Author. 

Juhlin (J.) Sur la Temperature Xocturne de I’Air k Differentes 
Hauteurs. 4to.. IJpsal 1890, The Author. 

Xolliker (A.), For. Mem. R.S. Zur feineren Anatomie des centralen 
Xervensystems, 8vo. [Leipzig'] 1890. The Author. 
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Miller (W. D.) Die MikToorganismen der Mundhohle. 8vo. Leipzig 
108®- The Author. 

Parlatore (P.) Flora Italiana. Vol. IX. 8vo. Fvrmhe 1890. 

Prof. T. Oaruel. 

Richardson (B. W.), F.R.S. National Health. Abridged from “ The 
Health of Nations,” a Reyiew of the Works of Sir Edwin Chad¬ 
wick, K.O.B. 8to. London 1890. With Two Pamphlets. 8vo. 

Sir Edwin Chadwick. 

Spencer (J. W.) The Iroquois Beach, a Chapter in the Geological 
History of Lake Ontario. 4to. IMontreal'] 1889. The Author. 
Waterhouse (J.) Annual Address and Review. 8 to. Oalmtta 1890. 
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“ On the Germination of the Seed of the Castor-oil Pl a nt 
(Eioinus communis).” By J. R. Gbeen, M.A., B^Sc., F.L.Si, 
Professor of Botany to the Pharmaceutical Society of Great 
Britain. Communicated by Professor M; Fostee, Sec. R.S. 
Received January 29,—Read January 30,1890. 

The germination of those seeds in which the non-nitrogenous 
reserve material is found to be an oO and not a carbohydrate was first 
studied by Sachs, who, in a series of papers published in 1869i* put 
forward a hypothesis to explain the manner in which the oil becomes 
available for the nutrition of the young plant. He records as his 
starting point the observation that at the onset of germination the oil 
gradually disappears, just as starch disappears from the reservoim 
when germination is started in a seed containing it, and he shows 
that the development of the young plant proceeds concurrently with 
this disappearance. From this it follows that the oil, like the starch, 
is a reserve material to be made use of by the embryo in its early 
growth. So far as he deals with the changes taking place in the oil, 
' he puts forward the view that starch is directly formed from it, and 
that this conversion is the first step that may be traced.’ Subse¬ 
quently, sugar arises from the starch, and thus, in all seeds alike, the 
non-nitrogenous reserves travel as sugar from their storehouses to 
the seat of growth. 

^ Though putting forward the view of the conversion of fat directly 
into sterch, he appears to be scarcely satisfied with it, speaking of it 
as being very surprising, and, indeed, admitting that in many seeds 
the greater portion of the disappearing oil gives rise immediately to 
sugar, and not through the intervention of starch, 

Sachs’s view that fat or. oil is transformed into sta^rch was soon 

* ‘ Bot. Zeitg./ 1859, ooL 17S ei seq^ 
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aftet endo^rsed by Peters,* * * § wbo pablislied comparative alialyses of 
itJae oily seed and seedling of the pumpkin. By tkese tables, Peters 
skows tkat during tke early period of germination tke oil diminisked 
from about 50 per cent, of tke weigkt of tke seed^till it only amounted 
to 17 per cent., and tkat starck appeared in tke same time in quan¬ 
tity equal to 4 per cent, of tke weigkt of tke seed. Dumng a second 
period tke oil went down from 17 to 11 per cent., wkile tke starck 
increased from 4 to 7-6 per cent. During a tkird period, wkile the 
oil sank to 4 per cent., tke starck also diminisked, becoming ratker 
less tkan 3 per cent. Peters, in considering tkese analyses, appears 
to bold tke view put forward by Sacks, tkat tke starck is produced by 
tke transformation of tke oil, tkougk tke quantities giv'en do not at 
all necessarily bear out tke bypotkesis. 

Pleury,-f in 1865, working on tke castor-oil, rape, and almond 
plants, denied tke necessity for tke occurrence of starck, pointing 
out tkat as tke oil disappears sugar is to be found. He further 
noticed tkat during tke germination there was a formation of a non¬ 
volatile acid in small quantity- 

V. Hellriegel,J who investigated rapeseed, agrees with Pleury in 
denying tke occurrence of starck as an intermediate product of tke 
conversion of fat- He points out tkat germination is attended by 
processes of oxidation, there being an evolution of COg during tke 
whole period. 

In 1871, a new fact was noted by Muntz,§ tkat during germination 
a quantity of fatty acid appears in tke seed, pointing to a splitting 
up of tke oil into suck fatty acid and glycerine. Miintz suggests 
that tke embryo may play a very important part in suck a trans¬ 
formation, acting after tke manner of a ferment. He failed to find 
any glycerine in any of kis experiments, but says that tke fatty acid 
increases in quantity as tke germination proceeds. ,The fate of the 
glycerine, if liberated, he did not trace, nor does ke suggest what 
becomes of it. 

Sohutzenberger, IJ in 1876, drew attention to the fact that if oily 
seeds be steeped in water, an emulsion is obtained in wkich very soon 
may be noted tke appearance of glycerine and fatty acid, and puts 
forward tke view that during germination an emulsive and saponi¬ 
fying ferment, placed with fat in the presence of water, causes it to 
TXndetgo true digestion and renders it assimilable. He gives, how¬ 
ever, no evidence of tke existence of suck a ferment. 

* Peters, ' Xtandwirthsch. Yersuoksstat.,’ Tol. 3,1861* 

t ‘ Annales de Ohimie,’ ser. 4, vol. 4, p. 38. 

X Detmer, ‘ Yergleichende Physiologie des Eeimtingsprooesses der Sajnen.* Jena, 
1880, p. 334 . . 

§ Muntz, ‘ Annales de COaimie^ ser. 4, vol. 22,1871. 

|] * On Fermentation^ (Intemat* Solentif. Series, vol. xx). 
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Detmer,* in 1880, in criticising Miintz’s results, quoted above, 
endeavours to reconcile the decomposition suggested by the latter 
with the older statements of Sachs as to the origination of starch at 
the expense of the oil. He suggests that the glycerine may be trans¬ 
formed into certain unknown bodies, and that the fatty acid may be 
the immediate antecedent of the starch, giving as a possible explana¬ 
tion of the transformation the equation 

C-^gHg^Og"!-270 = 20gHj^g054"3C0cj“i“ 7HgO. 

He had himself, in 1875, published some analyses of hempseed before 
and after germination, showing that with a disappearance of about 
16 parts of oil there was a formation of nearly 9 parts of starch. 

In his later work, in 1882, Sachsf somewhat modifies the views 
originally propounded by him in 1859, though still adhering in the 
main to bis hypothesis that at any rate the greater part of the oil is 
transformed directly to starch and sugar. He remarks upon the 
occurrence of oil drops in considerable quantity in the parenchyma of 
the roots and shoot-axis of the seedlings of Bicinus and other plants, 
Srud admitting the possibility of the* accuracy of Schutzenberger’s 
suggestion of ferment action, he thinks that these fat globules may 
be due to the recombination of the fatty acid and glycerine, which 
may travel separately from cell to cell, recombining under certain 
conditions. Such a process presents a certain similarity with the 
movements of transitory starch. 

On the hypothesis of ferment action he suggests that the ferment 
is formed in the cotyledons and excreted from them into the endo¬ 
sperm. 

During all this period, onr ideas of the actual transformation of the 
fatty matter have rested npon hypothesis rather than experiment. 
Sachs’s first work only noted the coincident disappearance of oil and 
appearance of starch. He does not say that the two processes go 
on together in the same cells nor even in the same regions of the 
seed, the starch in Bicinus appearing most copiously in the embryo, 
the oil vanishing from the endosperm. Nor has the ferment, 
suggested by Sobiitzenberger, been identified, the chief argument for 
its existence having been derived from Hoppe-Seyler’s description of 
a very similar change in the fats during pancreatic digestion by 
animals.^ Nor have we, beyond Detmer’s hypothesis already quoted, 
any attempt to trace the fate of the glycerine and fatty acids formed. 
The whole question of the mode of the absorption of the fatty 
reserves of the endosperm by the embryo and their way of passing 

♦ Op. cit, 

t Sachs, * Vorlesungen tiber Pflanzen-Physiologie,* 1882. English Edition. 
Ward, 1887, p. 347. 

t Petmer, op. cit., p. 338 j Tines,' Physiology of Plants,’ p. 190, 
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from cell to cell lias also remained unexplained, except by Sachs’s 
first hypothesis of their ultimate conversion through the form of 
starch into sugar, and by a suggestion he makes that some of the oil 
at least passes as such through the cell walls of the endosperm into 
the cotyledon. 

In taking up the subject where it had thus been left by previous 
investigators, and endeavouring to throw further light on the several 
steps that had been established by them, I commenced to work upon 
the seed of the castor-oil plant (Eicinus communis), and I set before 
me the following problems :— 

1st. By what agencies are the reserve materials made available for 
the nutrition of the embryo ? 

2nd. In what condition and by what process do they undergo 
absorption? 

3rd* What parts are played in the process of germination by the 
endosperm and by the embryo respectively ? 

I selected Eicinus as the material to work upon, because the con¬ 
tents of the seed have been accurately ascertained, and found to 
contain a large quantity of oil; and because the process of germination 
is not prolonged. A few of the points that arose during the work I 
‘also investigated on the seed of the cocoanut palm (^Gocos nucifera). 

The seeds of the castor-oil plant consist of a central embryo, 
embedded in a mass of endosperm, the whole incased by a hard testa. 
The micropyle is protected by a well-developed caruncle. A section 
of the endosperm shows the cells to be nearly filled with oil, which 
exudes on pressing the bruised seed. This oil can be removed by 
solvents, when the cells are found to contain also stores of proteid in 
the form of aleurone grains embedded in protoplasm, the grains con¬ 
taining each a crystalloid of proteid and a small aggregation of 
mineral matter. Starch is not present, nor is more than a trace of 
sugar to be found, and this small amount is not constant. There is 
no great %inount of cellulose, the cell walls being very thin and the 
cells of fsliir size. No glucoside can be detected in the cells. 

The amount of oil to be found is stated differently by different 
observei*s. According to Harz,* the quantity varies from 40 to 
68 per cent., the highest figure being quoted by Cloez. Blumenbach 
puts it at 50 per cent. I found a fair sample of the seeds to yield 
58 per cent, of their diy weight. The oil is somewhat complex, 
yielding, on saponification, according to Lecanu and Buffy,t three 
fatty acids, ricinstearic, ricinic, and ricinoleic, of which the latter, 
is the most abundant. It has the composition represented by the 
formula C 18 H 34 O 3 . 


* * Landwirthsch. Samenhxiiide,’ 1885, p. 836. 
f Harz, * Itandwirthsch. Samenkimde/ 1885, p. 836. 
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Tlie proteids were investigated in detail by Vines,wbo speafes of 
tbem as consisting of members of the peptone and globulin classes, 
the former being soluble in water, the latter in solutions of l^aCl. 

I. Agencies by which these reserve materials are made available for the 
use of the Embryo, 

The first two problems divided themselves at once into two sections, 
the first of which involved the changes in the oil, the second those in 
the proteids. They were investigated separately. 

(i.) The Oil, 

Both Miintz and Schiitzenberger had suggested the probability of 
the changes in the oil being due to the action of a ferment. My own 
work on the proteolytic changes in the germination of the lupinf 
proved a similar cause in connexion with the proteids of that plant. 
In endorsing Schiitzenberger’s suggestion, Sachs, in 1882,J put it 
forward as probable, from his investigations on the seed of the date 
(Phoenix dactylifera) ^ that the embryo of the young plant, on the 
onset of germination, formed and excreted ferments to change the. 
reserve materials into a form suitable for absorption. 

^ Some seeds of Eioirms were germinated for five days, until the 
young plants had developed a good root system, and about half the 
endosperm had disappeared. The seeds were then taken up,, 
the endosperms separated from the cotyledons,, and the cotyledons 
from the hypocotyledonary portion of the embryo. Extracts were 
made of the endosperms and of the, cotyledons, the fluids used beiqg 
5 per cent, salt solution and glycerine, in both of which ferments are 
known to be soluble. Putrefaction was obviated when the salt 
solution was used by the addition of 0*2 per cent, of potassic cyanide, 
which was found efficacious in preventing the appearance of bacteria. 
In the course of the investigation several such extracts were made, 
the salt solution ones being, on the whole, the most satisfactory. 

Experiments were then made to ascertain whether, in the extracts, 
anything was present which was capable of starting chemical changes 
iu the oil, and, if so, whether that body was of the nature of a 
ferment. The change first to be expected was the splitting up of the 
oil into fatty acid or acids and glycerine. 5 c.c. of the extract of the 
endosperms was mixed with 10 c.c. of an emulsion of castor oil, and 
set aside in a test-tube in a bath or incubator, at a temperature of 
ZT 0. A control was kept by preparing a similar tube after boiling 

* * Journal of Physiology,* toI. 3, pp. 93—ll4. 
t ‘ Phil. Trans,,* B, 1887, pp.. 39-59. 
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the 6 c.9. extract. Ko change was apparent for gome hours, but 
gradually the unboiled tube became acid, while the control remained 
Tinchanged. Different exti'acts varied somewhat in the amount of 
acidity thus caused, but the difference between the boiled and un¬ 
boiled tubes was soon evident. A fairly typical experiment is sub¬ 
joined :— 

Tube "F was prepared by mixing the extract and the emulsion of 
castor oil in the proportions given above, and was put into an in¬ 
cubator at 12.30 o’clock on August 22, 1888. A boiled control was 
put with it, labelled Both were carefully made neutral. At 
4 p.M. 10 drops litmus solution were added to each. F was acid, F^ 
neutral. The degree of acidity was in this short time only slight, 
and addition of 0*1 c.c. of !N’a3003 solution of 0*3 per cent, strength 
again neutralised it. Beplacing the tubes in the incubator and 
leaving them till next morning, F had again become acid. A ]^urther 
addition of the same alkali was made to the contents of this tube, and 
neutrality was obtained when 1*75 c.c. had been added. The action 
had been, during the longer exposure, more than proportionately 
vigorous. ITo change took place in the control tube. 

A similar set of experiments with the extract of the cotyledons 
failed to produce any evidence of ferment action, the reaction of the 
liquids always remaining unchanged. 

So far as the oil is concerned, therefore, the experiments confirm 
the hypothesis of Sohiitzenberger, that there is a ferment in the seeds 
which can develop fatty acid from the oik 

Another experiment was then carried out, extending over a longer 
tinae, dialysing tubes being used instead of glass vessels. The extracts 
w^re prepared by salt solution (5 per cent. iNTaCl 4- 0*2 per cent. 
KCIT), and were dialysed before use till nearly free from N'aOl, this 
being found to hinder the action somewhat. The proportion of KON 
was kept constant during the experiment. 

One fluid ounce of castor oil was made into a thick emulsion with 
gum and 10 c.c. of the dialysed extract stirred into it. This was 
put into a dialysing tube and suspended in 200 c.c. of a solution con¬ 
taining 0*6 per cent. NaCl and 0*2 per cent. KON (KTo. 1). A 
control was prepared in the same proportion, boiling the 10 c.c. 
extract (ITo. 2). The two were kept in the incubator for a week. 
During this time the emulsion in No. 1 became gradually purple, and 
then reddish *, that in No. 2 remained blue. The reactions of the 
dialysates did not change. 

On concentrating the two dialysates, at, the end of the experiment, 
glycerine was detected in that of No. 1, while No. 2 contained none. 

The ferment in the extract had liberated fatty acid and glycerine, 
and both had become traceable. It was noteworthy, too, that tjie 
body causing the acidily had not passed through th© dialyser. 



376 


Prof. J. R. Green. On the 

The ferment fov^, i^efore, like the ferment in the pancreatic juice 
u capable of decomposing fats into fai^ acids and gh/cLTe 

fo. t f like that of so manj othe™^ 

found to be largely mflueneed by the reaction of the medium in 

^»•»» p°i«‘ s 

Five tubes, A~B, were taken, and in each. S c.o. of a ferment 
e.tmct, carefully neutralised, were set to work on 6 c.o. 
castor oil. They were made of different reactions, as under^ 
A contained 0-066 per cent. HCl 

® » 0-133 „ „ ■ 

0 „ 0-066 „ Na*CO,. 

D „ 0-66 

E was left ne.utral, as much water beine added to if «= , 

each of the others with their respective acid or alLli. A, J C D E 

Aftri 1^“* boiled 4w ’ ^ 

controls, B about equal to B C w«a i ' ,? pmker than their 
D set were relatively unchanffed^ m . f *kan 0^, but the 

alkali as before sWd twX > *ke tubes with weak 

is hindered ly as little as 0-m p^JTmTTsOl^ 7 

per cent, of HOI. It is hindered ly alkali T’ ^ 

them if the solution is weak, 0-066 per cent of ’Na 77 * w 

1’®'' 110!1 nor the 0^6 per cent Na GO H 

steoyed the ferment, for. on neutralising the four tube7B 2 n 
and allowing them to stand in the incubator for several ho3’ 
began again in both the unboiled ones Tbs i xv ’ 

however, very different, for the acid libeLed b7h 
was five times the amount set free in B in tl^ * fe^ent in D 
activities of B, D, and E. tested dL L eiSw Z' 
sented by the following figures:— ^ ^ 


B. 

Exposed to 0133 per 
cent. fiCl for 3| 
hours, and then 
neutralised. 

10 . 


B. 


Exposed to 0*66 per 
cent. Na^COg for 3^ 
hours, and then 
neutralised. 

50. 


JE. 

Kept neutral 
all the time. 


86. 
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the oil. Half tlie powder was then extracted by the usual solution of 
NaOl and KCN, while the rest was extracted in the incubator by 
weak acetic acid, only so strong as to be just perceptible by the 
tongue. These two extracts were filtered, and labelled respectively A 
and B, B being then carefully neutralised. Part of A was then 
acidified with weak acetic acid, and warmed to 35° 0. for three hours, 
and then neutralised. This was labelled 0. 

On testing them all with castor oil emulsion in the usual way, side 
by side with boiled controls, A developed no acid, B and 0 both 
showed its liberation, giving evidence of the development of ferment 
by the weak acetic acid. This behaviour is precisely similar to the 
influence of the same reagent on extracts of the resting pancreas. 
On allowing extract A to stand in the laboratory for nine days and 
then again testing it, there was evidence of the presence of ferment, 
liberated by keeping it. It was not, however, so active as extract 0, 
where the transformation had been brought about by the acetic 
acid. 


(ii.) The Froteids, 

The oil is only a part of the reserve material present in the seeds, 
and as so much proteid matter also is present in their cells, some ex¬ 
periments were made to see if a further ferment is present having a 
proteolytic function. 

The proteid in the seed had been stated by Yines* to be a mixture 
of peptone and globulin, the crystalloid consisting of the latter. 

Some ground resting seeds were extracted with water and subse¬ 
quently with salt solution. Both extracts were found to give a 
coagulum on boiling, which was most copious in the second case, and 
separated out completely if a little HN ’03 was added. This was 
Yines’s globulin. After filtering ofi this precipitate while hot, 
another proteid was found to be left in solution, which was precipi¬ 
tated as the liquid cooled, and redissolved when it was warmed again. 
There was much less of this than of the first one. I^'o dialysable 
proteid was present. The first proteid found by Yines was therefore 
not a peptone, as he supposed, but an albumose.f 
. The method adopted in searching for a proteolytic ferment in the 
germinating seeds was exactly the same as the one I had used in the 
case of the lupin,J and the results showed that again here, as there, 
a tryptic ferment is developed during germination, which can split 
up fibrin with formation of peptone and crystalline bodies, in¬ 
cluding tyrosin. 

^ Loe. cit, 

t Cf. Martin “ On the Proteids in Papau-juiee.” ' Journal of Physiology,’ vol. 
6, p. 354 

t * Phil. Trans.,’ B, 1887, pp. 39—59. 

VOL, XLVIII. 2 D 
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Tlins the germinating $eed<s are seen to contain at least two ferments, 
loth worhing towards the utilisation of the reserve materials in the nutri¬ 
tion of the embryo. 

The glyceride fermeiLt is capable only of producing fatty acid and 
glycerine from the oil. The changes cannot, however, end with this 
decomposition. Fleury had noticed in 1865* that there was free acid 
formed during germination. Miintz had pointed out that the reaction 
of the embryo was strongly acid, and that at no stage in the germina¬ 
tion conld he detect glycerine in any of the tissues.t Again, sugar is 
present in the germinating endosperms in abundance. 

Before making experiments on the possible decompositions of the 
bodies resulting from the action of the ferments, it seemed advisable 
to examine more carefully the contents of the endosperm. Some 
seeds were germinated till the endosperms were on the point of sepa¬ 
rating from the cotyledons; they were then removed, and the endo¬ 
sperms ground up in a mortar with distilled water. This solution 
was strongly acid. It filtered nearly clear, but was a little opales¬ 
cent, which appearance was found under the microscope to be due to 
very minute drops of oil or fatty acid. The solution was then 
dialysed with distilled water for two days, when the dialysate was 
found to be acid in reaction. The power of dialysis of the free fatty 
acids was presumably small, they being extremely greasy liquids, very 
much like the oil itself. Careful experiments showed that they had 
no power dialysis, or at most an. extremely feeble one, whether 
tested as they were or made up into an emulsion. After two days’ 
exposure in a dialyser, the outside liquid had the merest trace of 
acidity. The experiment noted above,J when the digestion was 
carried out in a dialyser, also negatives the theory of their being able 
to pass a membrane, for, though glycerine passed out during the 
experiment, the action of the dialysate remained neutral. As, then, 
rioinoleic acid will not dialyse, there was evidently another acid in 
the germinating endosperm. The dialysate of its extract was next 
evaporated to dryness on a water-bath, and the residue extracted witli 
ether. A certain amount of insoluble matter was left, and the extract 
therefore filtered. On slowly evaporating the ether, it deposited a 
crystalline residue, which was freely soluble in water with a resulting, 
acid reaction. 

An extract of the cotyledons gave exactly similar results. This 
new acid was really the cause of the acid reaction of the whole of the 
tissues of the young plant, already shown to exist by several of the 
wiiters already quoted. 

The extracts, themselves, of both endosperms and cotyledons, 

Op. dt, 

, t Op. cit. 

t 375. 



Ge'i‘minati(>n of the Seed of the Cetsfor-oil Plant. 

deposited on evaporation a residue wliicTa gave np to etier a little 
oily* matter, as well as this crystallisable acid, differing thus from the 
dialysafces. In both extracts evidently there existed a mixture of the 
crystallisable acid with oil and fatty acid. 

The fatty acids are also present in the cells. A farther quantity of 
the germinating endosperms was extracted by ether for two days, and 
the liquid decanted and filtered. A greasy residue was left, the 
greater part of which was insoluble in W'ater. Unlike the oil, it was 
largely soluble in 0*2 per cent. NaHO. A solution in this reagent, 
when neutralised by HCl. gave a white curdy precipitate. This was 
soluble again in more alkali, and was again thrown down on acidify¬ 
ing. This behaviour was exactly reprodluced by some pure ricinoleio 
acid supplied by Schuchardt. 

The extract of the cotyledons contained a little, but not much, of 
this fatty acid. It seemed likely that a good deal of the contents of 
the disintegrating endosperm cells might be adhering to the cotyle¬ 
dons, and another experiment was therefore made^ using cotyledons 
that had been carefully washed in 0*2 per cent. NaHO to remove any 
such debris. This weak soda solution, after the 'washing, gave an 
opalescence with HCl, and the extract made of the washed cotyledons 
was found to contain a very faint trace of the fatty acid. 

The germinating endosperms, tested with iodine under the micro>- 
scope, were found to contain no starch. There was starch only in 
certain regions of the young embryo. On testing a piece of the- 
gei'minating endosperm with Fehling’s fluid a copious redaction was 
observed. The extracts made and used as described above also gave 
evidence of the presence of sugar. In the extract of the ungermi¬ 
nated seeds very much less was present. 22 grams of these were 
found on careful titration to contain 0025 gram, or 0*11 per cent- of 
sugar, calculated as dextrose. The quantitative examination of the 
germinating seeds showed a great increase, which appeared to proceed 
side by side with the disappearance of the oil. 18 grams of dry 
weight of endosperms were taken and thoroughly extracted by ether. 
The seeds from which the endosperms were picked had a root now 
about Z inches long, with secondary roots attached. The loss of 
W'eight after the ether extraction was 4*? grams, or about 26 per cent. 
The ether extracted not only the oil that remained unchanged, but 
certain of the products of its decomposition, viz., the fatty acid and 
the crystallisable acid then present in the endosperm. The resting 
seeds contained 58 per cent, of oil, so that 32 per cent., calculated on 
the weight of the endosperm, or 55 per cent, of the total oil, had 
disappeared, while some of that which was still traceable had been at 
least partially decomposed.* The endosperm was next thoroughly 
exhausted with boiling absolute alcohol, which extracted all the 
sugar present. This was evaporated to a syrup, dissolved in water, 

2 D 2 
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and titrated, when it was found to contain 0*174 gram of sugar, 
reckoned as dextrose, or 0*97 per cent, of the original dry weight. 
Without taking into account the amount that had been absorbed, 
which must have been very considerable, as the young plant had 
attained a great degree of development, there was still present almost 
ten times as much as in the resting seed. 

Examination of the proteid constituents in the germinating endo¬ 
sperm, showed that in addition to the undecomposed proteids found 
in the resting seeds peptone was present. The quantity obtainable 
from different extracts was not uniform, some being very rich and 
others containing but little. The cotyledons were removed from some 
of the advanced seeds and extracted with water in dialysers. After 
two days the dialysates were concentrated to small bulk, and acetate 
of zinc added. This caused a precipitate, which was filtered off, 
washed, and suspended in water.* The zinc was removed by HgS, 
and the watery solution concentrated again, when it deposited crystals 
of asparagin. 

The endosperm, examined in the same way, was found to contain 
no perceptible amohnt of this substance. 

On examining some of the endosperihs after a prolonged period 
of germination, carried indeed so far that there was only a thin, 
almost slimy casing over the cotyledons, the cells were found to he 
empty of solid contents, except a thin layer of protoplasm, and the 
cell walls were disintegrating and disappeating. No substances 
could be extracted now, except a small amount of sugar and some of 
the crystallisable acid described above. Absorption was still pro¬ 
ceeding, though the young plant had attained a considerable 
development. 

The germinating endosperm was thus found to contain oil, free 
fatty acid, a crystallisable acid, a greatly increased quantity of sugar, 
peptone, and unaltered proteids- No glycerine was present. The 
embryo contained also a certain amount of asparagin. These bodies 
are not all due to the action of the ferments. The latter cannot decom¬ 
pose the fatty acid, nor produce the dialysable one. Nor can the 
sugar he traced to its activity. The first problem then is partially 
solved by tbe identification of the ferments, bnt the work of the 
glyceride one, at least, needs supplementing by further activity con¬ 
nected with vital processes taking place in the endosperm cells under 
conditions to be discussed later,* and under the influence of the 
protoplasm of these cells- 

IL Mode of Absorption of the Meserve Materials. 

The form and manner in which these different reserve materials 
are absorbed has, as before mentioned, been the subject of hypothesis. 

* Cf. p. 384 et seq^. 
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Saclis* "held that, as the cells of the cotyledons of Bicinus contain oil 
after germination has commenoed, this oil must have the power of 
passing through cell walls, and even through the epidermis of tlie 
cotyledons. 

Detmer,! on the other hand, suggests that, like starch, it becomes 
a material capable of dialysis, and travels by such means, the oil 
which appears in the cotyledons and other parts being due to a 
re-formation at the spot at which it is found, as is the case with 
transitory starch. 

The structure of the cotyledon shows that the actual passage of 
oil into it would be a matter of very great diffirmlty. Its outer 
epidermis is separated from the cells of the endosperm by a very 
thick layer of cell walls, the remains of cells whose contents have 
been absorbed; and microscopic examination of this layer while 
absorption is proceeding fails to detect any fat in its thickness. Ail 
analogy points too to dialysis as the mode of absorption, and the 
forms in which the reserve materials are to be found in the endosperm 
during germination indicate such a process as the probable one. 

Of the various bodies found, sugar and the crystallisable acid are 
easily capable of dialysis, and are obtainable from the cotyledons. 
Peptone also can pass through a membrane. Asparagin can be 
detected on the cotyledonary side, but not in the endosperm. Peptone, 
however, is not to be detected in the cotyledons. 

Besides these, there are to be found in the young plant a certain 
amount of oil, some considerable quantity of starch, and a trace of 
fatty acid. 

The form of absorption of the nitrogenous matter seems to be 
that of asparagin, for peptone, though formed, does not seem to 
leave the endosperm. This is in accordance with the condition in 
the lupin, J where the nitrogenous matter travels in the same way, 
peptone being only a stage in its formation. The fact that asparagin 
is not traceable in the endosperm is not a valid objection to this 
view, for it is quite possible that it is absorbed as fast as formed, or 
that so little is left behind that it escapes observation. 

Detmer’s hypothesis seems to account satisfactorily for the appear¬ 
ance of the oil in the young plant, and, if valid, it explains also the 
trace of fatty acid there. The latter could only be explained other¬ 
wise by its having, either in the free state, or in the form of one of 
its salts, the power of dialysis. Experiments already recorded 
negative the idea of its dialysing in the free state. Some careful 
investigations were made as to the behaviour of its alkaline salts. 
Some ricinoleic acid was made into soaps with different strengths of 

* Op. cit.j p. 347. 

t Op, cit.y p. 370. 

J Green, op, dt. 
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soda solation, and these were dialysed for two days in freshly tested 
dialysers. I expected to find that, instead of dialysing intact, there 
would be a decomposition, and that the fatty acid would be left 
behind, while the alkali escaped. Contrary to this expectation, the 
tdialysates in all cases gave a marked opalescence, or a curdy preci¬ 
pitate, with HOI, the ricinoleic acid being liberated thereby from 
soap which had passed the dialyser. Subsequent careful examination 
of the dialysing tube proved it to be intact. The experiment, though 
not without interest, does not throw any light on the mode of 
absorption of the acid, for, on neutralising or making slightly acid, 
the soap is decomposed, and the fatty acid liberated. As the reaction 
of both endosperm and cotyledon is acid, it is clear that the fatty 
acid does not pass from the one to the other in the form of a soap. 

The occurrence of the starch must be similarly explained. It 
results, as in other plants, from the transformation of the sugar 
which has been absorbed. In sections of the hypocotyledonary 
portion of the axis I found some roundish bodies, which when heated 
with iodine stained brown. With a objective these brownish 
bodies were seen to contain small crescent shaped bodies which 
were dark blue. Some contained two, others three or four, of these. 
Ther^ is little doubt that these were amyloplasts, containing starob 
grains of very small size, but in course of formation. I did not succeed 
in identifying these in the cotyledons, though starph appeared there in 
small grains. Gris* has figured bodies exactly corresponding to 
these, and he says he finds them in the cells of the epidermis of the 
cotyledon. 

An examination of the relative quantities pf these different 
conditions of the fatty reserve materials present at different stages 
pf the germination confirmed the view given above. The disappear¬ 
ance of oil and coincident increase of sugar have already been 
commented on. The relations between the oil and the fatty and 
crystallisable acids were separately determined. Some seeds were 
germinated in an incubator, and samples were examined at intervals 
of twenty-four hours from their being sown. Care was taken to have 
all the seeds of about the same size, and as much alike as possible. 
Two sets of experiments were made, in one the quantities of the 
different constituents of the whole seed and resulting plant being 
examined—in the other those in the endosperms alone. 

Each sample was crushed and extracted by ether, the extract 
being evaporated to dryness, and the amount of residue roughly 
estimated. This residue was then stirred well with water, which was 
syphoned off, and added for twenty-four hours to the remains of the 
crushed endosperms now freed from the ether. The extract so 
obtained was examined for crystallisable acid and for sugar. The 
* * Ann. des Sci. Nat./ Ser. 5, vol. 2,1364. 
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tesidue left by the ether, after being washed with water as described 
to remove any solnble acid, was treated with weak alkali (0*2 per 
cent. NaHO) to I’emove fatty acid, and this alkali afterwards acidified 
by HCl to set free the fatty acid from the soap formed. Coincidently 
with each experiment, endosperms of the same age were examined 
for glycerine. 

The following tables give the results of the experiments 


Table I.—Whole Plant examined. 


Time 

germinat¬ 

ing. 

Degree of develop¬ 
ment of embryo. 

Residue deposited 
by the ether. 

Oil found in same. 

hours 

24 

48 

72 

96 

120 

168 

Seeds just cracking 
testa 

Primary root 1 cm. 
long 

Lateral roots emerg¬ 
ing 

Root system spread¬ 
ing 

Large root system... 

Endosperm nearly all 
absorbed 

Copious^ greasy...... 

Bulk of residue. 

75—80 per cent. 

60 per cent., about. 

20—30 per cent. 

About half last quan¬ 
tity. 

None. 

Slightly less in bulk, 
greasy 

Still less. Water 
mixed witli the fat 

Less still. Q-etting 
watery 

AU soluble in water 


Time 

germinat¬ 

ing. 

Fatty acid found 
in same. 

Acid soluble in HjO 
found in embryo. 

Sugar, 

hours 

24 

Traces only .. 

26 c.c. extract neutral- 

Tracey 

48 

20—25 per cent. 

ised by *9 c.c. of *2 per 
cent. NaHO 

25 c.c. required 1*66 c.c. 

acid 1 

26 0 . 0 . required 2’3 c.o. 

More^ 

72 1 

60 per cent.,about. 

Fair reaction with 


acid 

Fehling’s fluid. 

96 

70—80 per cent. 

25 c.o. reqidred 2*6 c.c. 

Q-ood reaction. 

120 

Half residue. 

acid i 

Very acid reaction, did 

About as last. 

168 

None. 

nob test quantitatively 
Strongly acid .. 

About as last. 


Two or three points of interest appear in this table. The gradual 
disappearance of the oil is accompanied by a rise in the quantity of 
fatty acid up to the fourth day. This then diminishes in turn, and 
at the end of the period, while still sozue endosperm is left, both have 
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disappeared. The amount o£ material extracted by the ether is about 
the same for the first three days, when it gradually and regularly 
diminishes, and at the same time gradually changes its character, be¬ 
coming much more acid, and containing increasing quantities of water. 
The endosperm altogether is much more watery at that stage, a certain 
amount coming away with the ether, and haying to be separated by 
decantation before evaporating the latter. At the conclusion of the 
period, a considerable amount of acid is left in the endosperm, which is 
soluble in water and in ether. The quantities of this acid and of the 
sugar increase up to the fourth day, and then remain fairly constant, 
a slight further increase only being noticed in the acid. This is to 
be accounted for by the rapid development of the plant at about that 
time, the material leaving the endosperm being that at whose expense 
this growth takes place. 

ISTo glycerine could be detected in the endosperms throughout. 

In the second set of experiments, in which the endosperms were 
separated from the embryos, no quantitative estimation was made 
of the sugar, as its formation coincidently with the disappearance of 
the oil had been noted continually. 

Taking the endosperms alone as shown in the table (p. 386), they 
bear out the hypothesis based upon the examination of the whole plant. 
The acid which was dialysable increased in the endosperms up to the 
fourth day, and then gradually diminished, pointing to an absorption 
taking place at a rather faster rate than its formation. Taking the 
whole plant, the acid increased slightly after this time, showing that 
it was not used in the growing-points quite so rapidly as it was 
absorbed, but still was undergoing metamorphosis there. 

The fact that at the close of the period during wliich the endo¬ 
sperm supplies nutriment to the embryo only sugar and dialysable 
acid are present in its cells, besides a little proteid matter, seems a 
fair indication that these are the bodies into which the reserve 
material of the oil is transformed for absorption. 

The reserve materials of the resting endosperm are thus found to 
he all replaced by derivatives which are capable of absorption by 
dialysis. 

There is still left a very important question to discuss. Starting 
with oil and proteids in the resting seed, we find crystallisahle acid, 
sugar, and asparagin passing into the young embryo, and we note 
intermediate bodies in the shape of the various fatty acids present in 
castor oil, and of peptone. We find, further, that glycerine which 
can be liberated from the oil by the ferment, and by laboratory 
methods, escapes notice however closely it is looked for. What are 
the probable decompositions that take place, and how can these 
explain the various products found ? . . 

We have clearly first the splitting of the oil into the fatty acids 
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Time 

of 

germi¬ 

nation. 

Water 
present in 
the endo¬ 
sperm. 

Residue 
from ether 
extraction. 

Oil found 
in same. 

Patty acid. 

Acid solu¬ 
ble in H 2 O. 
Amounts of 
0*2 per cent. 
NaHO re¬ 
quired to 
neutralise 

20 c.c. in 
each case. 

hours 

24 

IS'one ., *. 

Copious, 

Nearly whole 

A drop or two 

1 c.c. 

48 

None .... 

greasy 

About same 

bulk 

A little less 

on surface of 
solution of the 
soap after add¬ 
ing HOI 

Thin scum, not 

1*8 c.c. 


None .... 

amount and 
character 

As No. 3 ... 

Not much.. 

covering the so¬ 
lution of the 
soap after add¬ 
ing HCl 

Scum covering 

1 *4 c.c. 

96 

■% 

} 

A trace .. 

Less in 

Few drops.. 

_ the solution 

‘ treated as be¬ 
fore 

Thin scum on so¬ 

2 ‘15 c.c. 

120 

More .... 

amount and 
losing grea¬ 
sy character 
Still less 

Trace. 

lution 

Curdy precipi¬ 

1 *85 c.c. 

168 

G-ood deal 

watery in 
character 

Hardly any 

Mere trace.. 

tate with HCl, 
floating to top 
of solution 

Less than in last 

1*^ c.c. 

192 

As No. 6 . 

oily matter 
in it. Crys- 
tallisable 
matter pre¬ 
sent 

No oily mat¬ 

None. 

Mere trace 

Did not ti¬ 



ter appa¬ 
rent 



trate. 


and glycerine. That there is a connexion between tbe former and 
the acid which passes into the cotyledon seems certain when we com¬ 
pare the formation of the latter as the former, disappears, and remem¬ 
ber that the fatty acids themselves are not capable of dialysis. The 
transformation is not brought abont by the agency of the ferment, 
nor is anything excreted by the coiyledon which will bring about the 
change. It must not be forgotten that the endosperm is the seat of 
many processes of oxidation, for, as already stated, Detmer has shown 
the germination is accompanied by a constant evolution of COo. 
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De^Sanssnre has traced out the same process, showing, too, that there 
is during the germination a constant absorption of oxygen. Even 
more light is thrown upon the point by the statement of Godlewski,^ 
that this absorption of oxygen is not, as De Saussare believed, greater 
than the output of CO 3 throughout the whole period. He states that 
it is not till the radicle protrudes that the oxygen is taken up in 
greater quantity, and he points out that as the fat disappears from 
the seed, the inequality between the oxygen absorbed and the COg 
exhaled gets less and less. It is just at this period that the fatty acid 
is being replaced by the dialysable one, as shown in the tables given, 
above. That gentle oxidation of the fatty acids is possible is shown 
by Hazura and Grussner,t who state that when alkaline solutions of 
the liquid fatty acids of castor oil are oxidised by permanganate of 
potash several derivatives are formed, including some of the lower 
members of the series of fatty acids. Krafft J also states that when 
ricinoleic acid is oxidised with nitric acid, normal heptylic acid is 
formed, together with azelaic and oxalic acids. Unfortunately, I have 
not been able to get sufficient quantity of the acid which is formed 
during germination to enable me to ascertain its identity. The plant 
itself at that age is very small, and though the reaction of the acid to 
litmus-paper is very well marked, the quantities occurring in any case 
are too small for analysis. 

The disappearance of the glycerine is, in all probability, to he asso¬ 
ciated with the appeai* * * § ance of the sugar. The possible sources of the 
latter are only three, the fatty acids, the proteids, and the glycerine. 
That sugar results from the former of these is veiy unlikely. Theo¬ 
retically there seems to be a possibility of the change, but no labo¬ 
ratory experiments have yet succeeded in bnnging it about. Eischer§ 
has recently shown that certain acids can, by a process of reduction, 
give rise to sugar, but these are not such acids as those occurring 
here. The great probability, too, of tbe fate of the fatty acids being 
that suggested above weighs heavily against their furnishing the 
sugar. The proteids, too, can he accounted for in another way, as 
appears below. There remains, then, only the glycerine. 

Eischer has established the fact that the transformation of 
glycerine into sugar is possible, and the famous experiments of 
Luchsingerjl upon glycerine as an antecedent of glycogen in the course 
of the hepatic metabolism bear upon the same point. The ready 
appearance of sugar is, by this hypothesis, accounted for, and the 
fact that it appears side by side with the fatty acid in the endosperm 

* Pringsheim, ‘ Jahrb. Botan.,* vol. 13,1882. 

t ‘ Monatsh. f. Chemie,* vol. 9, pp. 475—484. 

J * Deutsch. Chem, G-es. Ber.,’ vol. 21, 1888, pp. 2730—2737. 

§ * Deutsch. Chem, Ges. Ber.,* vol. 22, p. 2204. 

II Pfliiger’s * Archiv,’ vol. 8,1874, and vol. 18,1878. 
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is what would he expected. It is unlikely to be detived from the 
fatty acid, for the disappearance of a small quantity of,this is accom¬ 
panied by the appearance of a small quantity of the lower acid; it is 
also unlikely to be dei’ived from the latter, from the fact that both 
appear synchronously, both increase together, and both are left when 
the endosperm is finishing its work. Further, the glycerine set free 
by the decomposition of the oil is sujBScient in quantity to account for 
all the sugar formed.* 

There is, of course, another possible alternative. Vines suggestsf 
that the glycerine may undergo oxidation at once with acids, and may 
be therefore represented by the acids found. This, though possible, 
seems unlikely, as these last are so much more readily traced to the 
fatty acid part of the disrupted oil molecule, and especially as we are 
then reduced to the hypothesis that the sugar comes from the loyrer 
acids formed, which has been seen to be improbable. 

There is still another theory which needs notice. It is put forward - 
by VinesJ to explain what Sachs has said, as to starch resulting from 
the transformation of fat:—The processes which attend the early 
stages of the germination of an oily seed may be briefly stated thus: 
protoplasm undergoes decomposition to form starch, and the continued 
formation of starch depends upon the reconstruction of protoplasm 
from the nitrogenous residues of previous decomposition, together 
with some form of non-nitrogenous organic substance; the non- 
nifcrogenous substance in question is fat.” The argument appears 
unnecessary now that experiments already quoted show that Sachs is 
in error as to the formation of starch in the endosperm cells during 
normal germination, but the form of the carbohydrate is not material, 
and the hypothesis may be advanced to explain the appearance of 
sugar, It is clear, however, that, if a direct conversion of some ante¬ 
cedent into sugar is possible, it is a much more probable thing than 
the round-about method suggested. The theory seems called for only 
to explain an otherwise inexplicable phenomenon, and might as fairly 
be put forward to explain the appearance of sugar as starch disappears, 
an appearance which is known to be due to a direct transformation of 
the latter. 

* Since this paper was read, Messrs. Brown and Morris have published in the 
“Journal of the Chemical Society'’ (June, 1800) an important research on the 
germination of some of the Graminese. Some of their results have a bearing on the 
point under notice. They find that excised barley embryoes can be nourished on a 
solution of glycerine, and under such circumstances a considerable amount of 
growth takes place in them, which is accompanied by the production of starch in 
their tissues, just as when they are fed with a solution of sugar. The appearance 
of carbohydrate at the expense of glycerine is established by their experiments.— 
J. R. G., July 10,1890. 

t Op. oit., p. 229. 

X Ojp. dt., p, 206. 
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The fate of the resting proteids presents no difficulty. Trans¬ 
formed by thp proteolytic ferment into peptone and later into as- 
paragin, we can trace them at once into the cotyledons. There is 
not a yery great store of proteid in tbe seed; and in the young plant, 
at any rate before the development of chlorophyll, there is a con¬ 
siderable amount of aspavagin. A comparison with the processes in 
the lupin, where the transformations can be woi'ked out without the 
complication of the metamorphosis of a large amount of oil, indi¬ 
cates the course of events. In so many other plants, too, the fact of 
the transport of nitrogenous matter in the form of soluble amides 
towards the seats of growth has been established, that it seems 
unnecessary to look for any other form in this case.* 

III. The ^aris jplayed ly the Embryo and the Endosjperm respectively in 
the Process of Germination. 

Allusion has already been made to the statement of Sachs,f that 
the ferments which cause decompositions in the reserve materials are 
always formed in the young plant or embryo, and are excreted from 
the latter into the endosperm. He quotes especially in support of 
this view the fate of the seeds of Zea Maisy and those which, like the 
date, have their non-nitrogenous reserves laid up in the form of cellu¬ 
lose. Some year.s before, J Gris claimed to have established that the 
endosperm was, during germination, the seat of an independent life, 
as much as the embryo was, and was by no means a passive con¬ 
tributor to the latter. Some careful experiments were conducted by 
Van Tieghem, and published by him in 1877,§ to which no allusion 
is made by Sachs, but which throw an important light upon this 
question. Part of his work, like that of Gris, was carried out on 
EicinuSy seeds of which plant were deprived, by careful dissection, of 
their embryos, and were exposed on damp moss for some weeks to a 
temperature of 25—30® 0. After several days of this exposure he 
found the isolated endosperms were growing considerably, and at the 
end of a month they had doubled their dimensions. The change was 
caused by the enlargement of the constituent cells and the develop¬ 
ment of air-spaces between them. In the interior of the cells he 
found the aleurone grains to be gradually dissolving, and the oily 
matter to be diminishing, though slowly. The dissolution extended 
throughout the mass of the endosperm, and was not especially pro¬ 
minent on the side that had been nearest to the cotyledons. He 

* Cf. Sachs, ‘ Yorlesungen fiber Pflanzen-Physiologie,’ Eng. Trans, by Marshall 
Ward, p. 346. 

t 0^. <2it.y p. 344. 

t Gris, “ Beeherches anatomiqnes et physiologiques sur la Germination.” * Ann. 
des Sci. Kat.,’ Ser. 5, JBot,, vol. 2,1864, p. 100. 

§ ” Sur la digestion dAlbumen.” ‘ Comptes Bendus,’ vol. 84, p. 578. 
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noted, to6, that, though, stai’ch did not normallj appear in the germi¬ 
nating endosperm, under the condition of non-removal of the pro¬ 
ducts of the decompositions, it did appear in the cells in the form of 
small grains, though not till after several days. Van Tieghem also 
observed that the progress of the decompositions could be arrested, 
and the endosperm made to re-assume a quiescent condition, and that 
then the aleurone grains again became formed, though in less quan¬ 
tity than before. 

To a large extent my observations confirm these of Tan Tieghem, 
though I did not continue the experiment for so long a time. Some 
endosperms prepared by removal of the embryo by the knife were 
exposed on damp sand to a temperature of 38° 0. in an incubator. 
Others were placed with them after removal of the plumule and 
radicle only, leaving the large cotyledons lying on the endosperms 
undisturbed. 

After three days, the former ones contained a little unaltered oil, 
a good deal of fatty acid, a trace of crystallisable acid, and a little 
sugar. The latter set were much more swollen than the former, 
and contained a larger amount of crystallisable acid ; the other con¬ 
stituents being much the same. 

In a further experiment endosperms, prepared similarly, were 
attached to the under side of the cork of a small wide-mouthed 
bottle containing a little water, and were thus cut off from the access 
of free oxygen. They were then placed in the incubator at 38° 0. 
The change in bulk of these was very slight during the time 
(fourteen days) during which the experiment lasted; and when 
examined their contents were found to be much less affected. Part 
of the oil was transformed, about one-fifth being replaced by fatty 
acid, while no sugar and no acid soluble in water could be extracted 
from them. 

I cannot confirm Tan Tieghem’s observation as to the occurrence of 
starch in the cells under these abnormal conditions; but my experi¬ 
ment, made under the same conditions as his, probably was not con¬ 
ducted for a period long enough to secure its formation, Gris* 
states that when he found starch grains formed in the endosperm 
cells it was not until their first contents had been completely absorbed. 

Histological investigation of the endosperms, both when germi¬ 
nated normally and when the embryo had been removed, indicates 
that the changes are not set up by the latter. The decomposition 
of the oil does not in either case take place regularly on the side 
nearest to the cotyledons, but cells throughout the whole endosperm 
are affected simultaneously. 

The same conclusion is pointed to by the experiments already 
quoted as to the antecedent condition of the ferment. The ground 

* Gris, op, cit. 
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resting endosperm, when extracted with, salt solution or with glyce¬ 
rine, yields np to the solvent something which, though possessing no 
ferment power, yet is capable of having this developed in it by 
warming with dilute acid. The cotyledons, on the other hand, are 
found, even when germination is active, to contain no ferment. 

Yet it seems improbable that the function of the young embryo in 
its relation to the endosperm is one of absorption only. Van 
Tieghem found that the young endosperm, apart from the embryo, 
increased in bulk with extreme slowness, not doubling its size till a 
month had elapsed. In normal germination this result is attained in 
five or six days. This is not due simply to slowing of the process, 
owing to elaborated materials not being absorbed. In some of my 
experiments I laid the flat surfaces of the isolated endosperms upon 
dialysing paper exposed upon moist sand, so that absorption could 
take place, but even then the rate of development was scarcely 
accelerated. 

On the other hand, the germination was much more rapid when 
a small piece of the cotyledon was left adhering to the endosperms, 
though no removal of products could, under the conditions, take 
place. The first set of expeinments alluded to (p. 375), when seeds 
with all the embryo taken away were germinated side by side with 
those that had only lost its axis, shows, too, that the mere presence 
of the cotyledons, apart from their absorbing power, had a con¬ 
siderable influence on the progress of the germination. 

It is difficult to suggest an adequate explanation of this action. 
As already shown, it is not caused by the formation and subsequent ex¬ 
cretion of the glyceride ferment, l^or does it appear that the embryo 
excretes anything that may bring about the later changes which the 
ferment does not effect. An embryo extracted from a germinating 
seed, and washed from adherent matter, was found powerless to 
effect any change in free ricinoleic acid when the two were placed 
together in an incubator. ISTor would a watery extract of several 
embryos taken from germinating seeds produce any change in an 
emulsion of ricinoleic acid in the direction of forming the crystalline 
dialysable acid found to result from the oxidation of the former. It 
seems probable that its growth or development acts as a stimulus 
to the protoplasm of the endosperm cells in which it is embedded, 
whereby these are caused to undergo their metabolic changes more 
rapidly than they do in the absence of such stimulus. The processes 
which are most affected seem to be those dependent on a supply of 
free oxygen, and not those of the ferment action, a point which 
supports the idea of the former ones being the egression of the 
vital activity of the protoplasm of the endosperm cells. Such a 
stimulus is probably of a physiological character, and is not the mere 
increase of pressure on the endosperm as the embryo grows. 



Germinc^iofi of the Seed ef the Castor-oil Plant. : 

The investigation o£ the three points discussed in the foregoing 
portion of this paper has left unsolved another point of considerable 
interest, to which my attention was drawn somewhat accidentally. 
In examining the action of the glyceride ferment upon different 
emulsions, some experiments were carried out with milk, and there 
was then found to be present in the germinated seeds not only the 
two ferments already <iescribed, but a third, which acts like rennet. 
A tube containing 5 c.c. of milk and 2 c.c. of a glyceride extract of 
germinating endosperms clotted in five minutes when exposed to a 
temperature of 35° C., a control with the extract boiled remaining 
unclotted for hours. At the same time a certain amount of acidity 
was developed in the milk by the action of the glyceride ferment, but 
the action on the casein was not caused by this. A furf.her experi¬ 
ment was made to establish this conclusion. Two tubes were 
prepared as before, and their contents coloured with litmus. As soon 
as clotting had taken place in the one with unboiled extract, dilute 
HOI was added to the control till it was equally acid with the other, 
but no clotting or precipitation took place. A farther similar set of 
tubes was prepared, their contents being made slightly alkaline, and 
on exposure in the incubator the one with unboiled extract clotted, 
while the control did not. 

This ferment, like the other, was by similar experiments shown to 
be present in an antecedent or asymogen condition in the resting 
endosperms, and to be capable of conversion in the same manner. 

This rennet ferment was found to be most easily extracted by 
glycerine. 

The discussion of the meaning of the rennet ferment here, as in so 
many plants, must be deferred, pending the completion of further 
experiments now in progress. 


Summary, 

The work detailed above leads to the following conclusions 

1. The reserve materials in the endosperm of B/icinus commum$ 
consist of oil and proteid matters, the latter being a mixture of. 
globulin and albumose. 

2, The changes in germination are partly due to ferment action, 
there being three ferments present in the germinating seed, on© a 
proteolytic one resembling trypsin; the second a glyceride one, 
splitting the oil into fatty acid and glycerine; the third a rennet 
ferment. 

S. At least two of these, and therefore, presumably, all of them, 
are in a zymogen condition in the resting seed, and become active in 
consequence of the metabolic activity stirred up in the cells by the 
conditions leading to germination, especially moisture and warmth. 
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4. The changes caused by the ferment action are followed by 
others due to the metabolism of the cells; these being processes of 
weak oxidation. 

• 5. The embryo exercises some influence on the latter, setting up as 
it develops a stimulus probably of a physiological description. 

6. The result of these various processes is to bring about the 
following decompositions:— 

The proteids are by the ferment converted into peptone, and 
later into asparagin. 

The oil is split by the glyceride ferment into fatty acid and 
glycerine; the latter gives rise to sugar, and the former to a 
form of vegetable acid, which is soluble in water and in ether, 
is crystalline, and has the power of dialysis. 

7. The mode of absorption is in all cases by dialysis. 

8. The appearance of starch and of oil in the embryo or the 
young plant is due to a secondary formation, and not to a transloca¬ 
tion of either. 


Note on an Experimental Investigation into Patho¬ 
logy of Cancer.” By Chables A. Balbancb and^^UElii 
G. Shattook. Communicated by Sir James PA’GEjj^te., 
F.R.S. Received April 15—^Read May 1, 1890; Revised 
June 10, 1890. 

Our first method of conducting the enquiry was by seeing if any 
special micro-organism could be artificially cultivated from malig¬ 
nant tumours, such as cau be done from tubercle, and the pathological 
formations of certain other infective diseases. 

These experiments were made in most instances with carcin¬ 
omata of the breast, and in a manner fully detailed in the ‘ Pathol. 
Soo. Trans.,’ vol. 38. We thus experimented with three lipomata, 
one myxoma, three sarcomata, and about thirty carcinomata. 

The results yielded by this particular method, and the particular 
cultivating media mentioned, may be described in a single word as 
negative. 

We have been able to keep portions of many carcinomata sterile 
for an indefinite time after various periods of incubation up to 
thirty-three days; and in one case, in which fluid human serum was 
employed, the incubation was continued for 134 days. 

The pieces transferred to solid media which remain sterile un¬ 
dergo no change perceptible to the naked eye. We have at the 
present time (February 20th, 1890), amongst others, a piece of a 
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carcinoma of the mamma 1 inch in length, which was placed on agar 
immediately after the excision of the tumour on May 12th, 1887. It 
was incubated at 100® F. for some days and has since been kept in a 
warm cupboard. It does not even now show any naked-eye change 
and looks as though it had just been removed. 

By the same method we showed the absence of micro-organisms in 
healthy living tissues. * 

notwithstanding such negative results, we do not by any means 
think that the evidence from analogy that, cancer is probably micro- 
parasitic in origin is hereby overthrown. For of the micro-organisms 
already known, some are very selective in regard to artificial culture 
media, others whose existence admits of easy microscopic demonstra¬ 
tion have as yet withstood the efPorts made to cultivate them without 
the body. Moreover, it may be allowable with respect to the parasite 
itself to conjecture that possibly it does not belong to the Proto- 
phyta, but to the Protozoa; in which case the difficulty of artificial 
culture would be easily explained; and the enormous rapidity of cell 
growth in cancer might be thought of as being induced by a can¬ 
cerous rejuvenescence setting, in in consequence of the conjugation 
of the ‘‘ parasite with the cells of the normal tissues. 

And so the culture medium in the case of cancer, it may be, has 
yet to be found. 

Human blood serum apparently offers the most likely chance of 
success, and with it we have made some experiments. We have 
obtained human blood serum from fresh placentae by the method of 
expression, and have employed it, both liquid-and inspissated, at 
blood heat. After some experience we found it best to have the 
blood collected in sterile bottles directly from the divided cord whilst 
the placenta was as yet unexpelled; However, no growth has 
occurred under sterile conditions either when the serum has been 
simply inoculated or when a piece of living cancer has been placed in 
or upon it. The tubes were kept in the incubator for some weeks. 
The same result has also attended the use as a nutrient soil of fluid 
or inspissated human hydrocele fluid ,* e.p., a piece of scirrhus 'was 
incubated for eight days on inspissated hydrocele fluid, after which 
it was kept at the temperature of an ordinary living-room. It has 
remained sterile and without appreciable change to the present date, 
twenty months since the experiment was performed. 

Abstract of Three of the Experiments with Euman Placental Serum. 

Experiment 1. Scirrhus of the Breast, —^Pieces of the tumour were 
cut with knives which had been wrapped in cotton wool and heated 
on a previous day in the “iron box” for an hour in the hot-air 
steriliser at 150° 0. The pieces thus cut were put into two tubes of 
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Immaaa placental Hood serum discontmuously sterilised and inspis¬ 
sated. 

The Hood Goileoted, as previously stated, was poured into long 
stenlised test-tubes, which were allowed to stand in cold water and 
plugged with sterilised wool. The following day -fee serum was 
drawn ofl! with a pipette and transferred to other sterilised tubes 
plugged with wool. These were then placed on six successive days 
in a serum steriliser, and some of.them afterwards wie^je solidified. 
The blood furnished from a single placenta was not more than suffi¬ 
cient to charge two or three tubes. Into two tubes, as above stated, 
of solidified serum thus prepared were placed pieces lof the above 
tumour. One of these showed a white coccus growth oti the seventh 
day; the other remained sterile, and was incubated at blood heat for 
three months. It was then prepared for the micajoecope. The 
microscopic sections show distinct “budding’* of both epithelial 
and connective-tissue cels. 

Eos^eriment 2. Large Eecmrrent Garcinoma of Sr east Woman ^ 
eet 30.—Into three tubes of fluid human placental serum were placed 
pieces of the growth about half an inch in longest measurement. 
Into three other tubes of solidified human placental serum were 
placed fikree other"pieces of the growth after the fluid (expressed at 
the time of solidification) had been poured ofi. These last three 
tubes were then partly filled with fluid human placental serum, pre¬ 
viously warmed, and piepared as descidbed under Experiment 1. All 
these tubes were incubated at 100° F. Three weeks later, cover-glass 
prepasDations from the tubes Aowed in all a variable degree of coccus 
growth. The vitaliiy? of the organisms was tested by inoculating 
tubes of nutrient jelly. In ali cases an iridescent growth occurred 
which when examined proved to he of coccus form. We were'sur¬ 
prised at all the tubes showing a gtrowth, and intend to make some 
further observations on the micro-organism. 

Esffperimmt 3. Small Carcinoma of Momma, —Woman advanced 
in age. Into three tubes one of fluid human placental serum and 
two of nutrient agar with 6 per cent, glycerine were placed pieces of 
the growth. Incubation at 100° E. On the eighth chty one of the 
agar tubes showed a “white growth” which was found to bo a 
staphylo-coccus. From each of the other tubes a tube of nutrient 
jelly was inoculated. A fortnight afterwards neither of these jelly 
tubes showed any growth. On the eighth day the sterile piece of 
cancer on agar was transferred to Muller’s fluid; on microscopical 
examination it showed typical capitate processes projecting from the 
nuclei of many of the epithelial cells, as also free granules in the 
alveoli; some also of the connective-tissue cells show typical budding. 
These appearances are not visible in sections of a portion of the same 
tumour which was hardened in a like manner but not incubated. 
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The piece of tumour submerged in fluid buman placental serum tos 
incubated at 100° F. for 134 days. It is wedge-shaped, about half an 
inch in longest measurement, and appears now at the end of 134 days 
quite unchanged; the serum, moreover, is clear and unaltered. 

Certain appearances presented on microscopic examination by the 
portions of the tumours which had remained sterile after various 
periods of incubation at 100® F. are recorded and figured in the 
‘ Pathol. Soc. Trans.,’ vol. 39. These consisted in the extrusion of the 
chromatin from the nuclei in the form of bud-like processes which 
ultimately appeared to become free of the cells. Similar appearances 
were observed in sections of cancerous tumours which had not been 
incubated, but we failed to observe them in normal tissues which had 
remained starile on nutrient media, whether incubated at 100° F. or not. 

Transplantation Eaperiments, —^Having carried out a large number 
of bacteriological experiments from the point of view of the possible 
infectious nature of cancer, it was necessary to proceed with the 
inquiry in the direction of inoculation or transplantation experiments 
on brutes with living cancerous tissues. Wild animals are exempt 
apparently from the ravages of this disease; but those domesticated 
not rarely fall victims to it. 

Plan of Experiments. —The tumour, immediately after its severance 
from the body of the patient, was placed in a small incubator at 
100° F., and conveyed in a cab to the Brown Institution. There it 
was allowed to stand in a large incubator, while the animal in whose 
body it was to be grafted was etherised. 

The operation was conducted with strict antiseptic precautions. 
When the peritoneum had been opened, one of us (S.) took the 
tumour from the incubator and with a sterilised knife or scissors care¬ 
fully removed all superfluous tissue breast tissue and fat). The 
whole tumour was then transferred to the abdominal cavity, or 
several portions were cut from it and pushed in different directions 
with the finger within the peritoneum. In some instances a piece 
was fixed by fine catgut in the centre of a muscle the biceps), 
the muscular tissue being brought together with catgut over it, and 
in a third series of experiments portions of tumour with more or less 
of the surrounding tissues were placed in the, subcutaneous tissue or 
in the subperitoneal tissue. 

We avoided the use of tumours that were ulcerated, for we dis¬ 
covered that, even with very slight surface ulceration, the deeper 
parts of the tumour (even at 1^- or 2 inches distance) gave an 
abundant growth in a gelatine tube. As a rule, the operation wounds 
ran an aseptic course, and the animals were not inconvenienced at all. 
In a few cases in which the tumours were discovered afterwards to be 
on the verge of breaking down, septicaemia set in, and the brutes 
were killed with chloroform. 
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The tumour tissue was transferred to the hodj of the animal in 
from a half to one and a half hour after removal. In the interval it 
was kept at 100° B., so that its component elements probably main¬ 
tained their vitality practically unimpaired. 

In all cases a small piece of the tumour was placed immediately 
after the transplantation in Muller’s fluid, and subsequently prepared 
for microscopical examination. In some of the experiments the 
tumour was larp^e enough to allow also of a small piece or pieces being 
incubated on blood serum. These Avere afterwards examined with 
high powers of the microscope if they remained sterile. 

The discovery of the nuclear particles to which we have ventured 
to give provisionally the name of cancer sperm or carcinozoa, made us 
anxious to “ graft ” with pieces of cancer in which tiis peculiar 
nuclear state had been induced. This was done without allowing the 
selected pieces of cancer to cool below blood he£|.t from the time of 
their I'emoval from the patient to their lodgment in the body of an 
animal. 

So far all the experiments have yielded negative results ; but the 
life history of cancer is so long, that we think, until the animals have 
survived for at least two years subsequent to the ti'ansplantation, it 
is impossible to know whether they have been infected or not. That 
this view is tenable and not improbable, is supported by the instances 
of those diseases, such as actino-mycosis, in which there is no sign of 
infection at the inoculated spot until very many months have elapsed. 
In making this statement, we are cognisant of the experiments in 
which carcinoma is said to have been transferred from one animal to 
another of the same species; e.y., Hanau, of Zurich,* transferred 
squamous carcinoma from one rat to another, the inoculated animal 
dying within three months of the disease. 

All our results up to the present time, with human cancer as far 
as infection is concerned, have been negative. In those animals 
that have died, the lump of tumour, if small, has been nearly or 
quite absorbed, or, if large, an ordinary inflammatoiy capsule has 
been found surrounding it, and the tumour tissue itself apparently in 
a state similar to that known as anasmic necrosis. 

We preferred the experiments to be of the character of trans¬ 
plantations rather than of inoculations. It appeared that by the 
method adopted there could be no doubt that living cancerous cells 
in large numbers were grafted into the animal experimented upon. 
We have avoided injections into veins, and other doubtful methods, 
as likely to lead to erroneous conclusions. 

* * Centralblatt fiir Ohirurgie/ No. 42. Pr, Hanau, being in London at the end of 
JIarch (1890),, was kind enough to show us the photographs and microscopical pre¬ 
parations from the rat he had infected, together with sections of the original 
tumour. , 
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We are mncli indebted to Mr. Horsley, Professor Superintendent 
of tbe Brown Institution, for liis kindness in allowing ns every 
facility at the Brown Institution for carrying on onr work, and for 
his ever ready help in many ways and on many occasions. 


Short Abstract of the most important of our Transplantation Experiments, 

In all the experiments recorded the tnmonrs were removed from 
the human subj'ect, except in the case of two of the experiments on 
dogs. 

Monlcey (1).—Into the abdominal cavity were placed three small 
pieces of scirrhous carcinoma of breast that had been previously 
incubated for seven days at 37" 0. 

Lived 37 days—death from diarrhoea. 

After death, the shrunken remains of the grafts were found 
adherent to the peritoneum. 

Monlcey (2).—A piece of a scirrhous carcinoma of breast placed in 
the abdominal cavity; another stitched with catgut into the biceps. 

Lived 115 days. Was killed on account of the appearance of a 
large, lobulated, pinkish swelling at the site of the abdominal wound. 

After death, this mass was found by microscopic examination to be 
a granuloma, in the base of which was a small piece of prolapsed 
omentum. 

No trace of tumour grafts within the abdomen or in the biceps. 

Monlcey (3).—Ti^ansplantation into both biceps muscles and into 
muscles of outer part of right thigh. 

Death from septicssmia on the 6th day. 

The tumour was slightly ulcerated. The gelatine tubes showed a 
rapid and abundant growth, 

Monlcey (4).—Into the left biceps was stitched a piece of scirrhous 
carcinoma of the mamma, and another piece into the right thigh. 
Lived 66 days. Wounds not quite healed. No remains of grafts 
found. Death from cold. 

Monlcey (5).—A piece of scirrhous carcinoma stitched into left 
biceps, and a second placed beneath the skin of the back. 

Lived 15 days. Death from cold. Wounds healed. 

Grafts encapsuled by connective-tissue, lemon-yellow in colour. 

Mioi^oscopic sections of the tumour in both situations show it to 
be the seat of coagulation necrosis. Around the portion in the 
biceps is a zone of granulation tissue, which is invading the substance 
of the tumour, the two being intimately mingled at the periphery of 
the latter. There are no leucocytes or other living cells in the 
central portion of the graft. Similar appearances obtain in the 
microscopic sections of the piece of tumour embedded in the sub¬ 
cutaneous tissue of the back. 
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Monkey (6).—Into the left biceps and beneath the skin of the 
right side of the chest were placed pieces of a scirrhns of the 
breast. 

Lived 15 days. Death from cold. Superficial suppuration at seat 
of wounds. 

Monkey (7).—^Into the abdominal cavity was placed a thick disc 
of scirrhns about 1J inch in diameter. 

Lived 3 days. Death from intestinal obstruction. ' 

Fost Mortem ,—No adhesions. Tumour unaltered in appearance. 

Monkey (8).—Into the abdominal cavity was placed a whole 
scirrhns of the breast. 

Lived 49 days. Death from diarrhoea. Wound healed. Graft 
was contained in a circumscribed abscess. 

Gat (1),—^Into the abdominal cavity was placed an entire scirrhns 
of the breast, the fat having been clipped off with scissors; the 
tumour was dipped in carbolic lotion (1 in 100) before insertion. 
The operation was done within three-quarters of an hour after 
removal from the patient. 

Wound healed by first intention. Animal died 320 days after the 
experiment. Fast mortem ,—Adherent to the under surface of the 
liver were the remains of the tumour. This was of a pale yellow 
colour, and diminished from its original size, very firm in section, 
fibrous, and presenting islets of softish yellow semi-fiuid substance. 
All the other organs were healthy, except the kidneys, which were 
granular. 

Babbit (1).—^Into the outer muscles of the right thigh was placed 
a piece of scirrhns of the breast, f X ^ X inch. 

Animal died 541 days later. Fo$t mortem .—In the muscle was 
found a sharply-defined mass, of flattened oval form, 4 mm. in the 
shorter diameter; this consists of a distinct capsule of fibrous tissue, 
enclosing particles of hard earthy substance. It would appear, 
therefore, that the necrosed piece of tumour had undergone calcifica¬ 
tion. Viscera all healthy; brain not examined. 

Babbit (2),—Into the outer muscles of the right thigh were placed 
two pieces of a scirrhus of the breast. Lived 6 days. Negative 
result. 

Boibbit (3).—Into the outer side of the right thigh were placed 
two pieces of scirrhus. 

Lived 36 days. Fost mortem .—The two pieces of scirrhus were 
lemon-yellow in colour, fairly firm, and in section presented softish 
yellow areas. 

Bog (1).—^Into the abdominal cavity was inserted a whole scirrhus 
of the breast, 1| X | inch. Superficial part of wound healed by 
granulation. 

Animal quite well 700 days after the experiment. On this day it 
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“was MllM. Fmt mortem ,—peritoneal adkesioais. InTo sign of ihe 
graft. All the viscera healthy. 

Dog (2).—^Abdominal section and insertion of a piece of scirrhns 
inch in diameter, and ^ inch in thickness. Nine days later the 
animal was killed with chloroform. Fo^ mortem, —Circnn^eribed 
abscess around the shreddy remains of the gmft adherent to liver 
and stomach. No peritonitis. 

Dog (3).— 1st Duc^eriment, —^Into the abdominal cavity was placed 
a scirrhns of the breast, If inch in diameter and discoid^. 

2nd JEjQ^eriment .—390 days after the 1st experiment, a whole 
scirrhxLS of the breast with some of the snrronnding fat was plawaed 
in the snbperitoneal tissue. 

Bxjperimeni .—170 days after the 2nd experiment, into the 
peritoneal cavity was placed a slice of a snbperitoneal round-celled 
chondrifyiug sarcoma of humerus, 1 X 1|- x ^ inch in volume. This 
was pushed to the right of the middle line, a similar slice being 
pushed to the left. The slices were cut in the spray, all surfaces 
previously exposed being rejected. One of the slices included the 
growing margin of the growth. Is still alive and well, 650 days 
after the 1st experiment.’* 

Dog (4).— 1st Dxperiment .—Beneath the skin of the right side of 
the thorax, by means of a valvular incision, was placed a small 
scirrhus of the breast, about as large as a horse bean, most of the 
fat having been previously cut away in the spray. Primary union of 
wound. 

2nd Ea^eriment .—240 days after 1st experiment, into the 
abdominal cavity was placed the greater part of a breast with two 
scirrhus masses in it. Death six days later from hsemorrhage into 
the abdominal cavity. Post mortem .—No trace of the first graft 
beneath the skin of the thorax. No tumours in internal organs* 

Dog (5).—Is^ Experiment .—Beneath the skin of the back was 
placed, an hour after its removal from the patient, a square shoe 
(f inch along its sides) of a spindle-celled sarcoma t^en from 
amongst the muscles of the thigh. 

Wound healed by first intention. 

2nd Experiment ,—^Beneath the skin of the back, 400 days after the 
1st experiment, was placed a wedge-shaped piece, about three- 
quarters of an inch in depth, of sarcoma, including the periphery. 
This was removed from a tumour filling the zygomatic fossa of 
another dog, which was kept under ether while the graft was taken, 
the animal being subsequently killed. Warm saHne solution was 
poured over the piece before its insertion beneath the skin. The 

* July 8th.—Animal killed 780 days after 1st eipeiiment. Fost mortem, —No 
sign of the grafts. Yiscera healthy. 
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fosUmortem on tke dog from wMck tke graft was taken showed no 
growths in any of the internal organs. 

The wonnd healed by first intention and 50 days later no trace of 
the tnmonr conld be felt. The tumour on microscopical examination 
was seen to be a small round-celled sarcoma containing many giant 
cells and undergoing calcification in places.* 

Bog (6).— 1st Bxjperiment. —^Beneath the skin of the side of the chest 
was placed a piece of scirrhus of the breast 1 inch in diameter and 
^ inch in thickness. The tumour was discharged by suppuration 
and the wound healed. 

2nd BxperimenL —112 days after the 1st experiment, an entire 
scirrhus of the breast was placed in the abdominal cavity, the tumour 
being sliced into three pieces, which were forced into different situa¬ 
tions. 

320 days after the 2nd experiment the animal was in good 
health. On this day it was killed. Fost Tnortem, —Omentum ad¬ 
herent to linear cicatrix in abdominal wall. No sign of the graft dis¬ 
cernible. No disease of any of the viscera. 

Bog (7). Into the abominal cavity was placed a square slice 
^ inch along its sides, and inch thick, cut from a tumour which 
had been a very short w'hile previously excised from the ischiorectal 
fossa of another dog. A second piece of the same tumour was 
placed beneath the skin on the right side of the front of the 
thorax. 

Wounds healed by first intention. Animal in good health 270 days 
afterwards. The tumour on micrc^copical examination proved to be 
a squamous-celled carcinoma with cysts.f 

Sheep (1).—Beneath the skin of the back under strict anti¬ 
septic precautions was placed a square slice from a subperiosteal 
round-celled sarcoma of the humems, 2 inches square, and J inch 
in thickness: this was pushed for some inches into the subcu¬ 
taneous tissue beyond the incision. The piece included at one of 
its borders the growing margin with the healthy tissues imme¬ 
diately connected with it. Three weeks after the operation there; 
was a fluctuating swelling at the site of the graft, and six weeks 
after the operation the graft was discharged in the state of necrosis. 
On the 108th day the animal, apparently in good health, was killed. 

Fost mortem, —Sheep healthy in every respect. 

She^ (2).—Beneath the skin of the hsbck was placed a slice 
of scirrhus of the breast with a rim of the surrounding fat, the 
whole being If inch in diameter and about ^ inch in thickness. 

* July 8th.—^Animal killed 590 days after the 1st experiment. Fost mortem.'^ 
Ko trace of the grafts, Ko sign of cancerous infection. 

t July 8th.—Animal killed 400 days after the experiment, Fost mortem ,—IsTo 
sign of graft. Viscera healthy. 
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Deatli occurred about S6 hours after the experiment of ether— 
collapse of the lungs. 

8he^ (3).—Beneath the subcutaneous fat of the back were placed 
two grafts of a rapidly growing round-celled sarcoma removed from 
the pectoral region for the third time. The grafts were cut in the 
spray and then washed in warm sterile salt solution. The larger 
graft was a thick slice about If- inch in diameter, and the smaller 
was a cubical piece taken from the other half of the tumour. The 
wound healed by first intention. On the 30th day the animal was 
quite well, and on palpation no evidence of the grafts could be dis¬ 
covered.* 

Besides the above transplantation experiments, we fed two white 
rats, male and female, with portions of fourteen fresh scirrhus 
tumours of the breast. In many instances the animals were fed on 
two successive days with portions of the same scirrhus tumour. 
Th^e feeding experiments have extended over a period of seven 
months, and the rats are now alive and well, 250 days from the date 
of the first experiment. During this time several litters of young 
rats have been bom. These feeding experiments we propose to 
continue on the same animals. They were undertaken with the view 
of seeing if infection of the stomach or intestine could be induced 
in a way similar to that which is set up in some instances by the in¬ 
jection of tuberculous material. 

In regard to the literature of the question, Scheuerlen, in the 
autumn of 1887, read a paper before the Medical Society of Berlin, 
claiming to have discovered a bacillus in cancer by means of arti¬ 
ficial cultures. Francke corroborated this. But subsequent ob¬ 
servers, amongst whom is Baumgarten (‘ Centralblatt f. Bakteriologie 
u. Parasitenkunde,’ vol. 3, No. 13), have shown that th^e ol^rva- 
tions were fallacious and due to contamination. Moreover, Bosen- 
bach and Frankel (at Koch’s request) kindly wrote and told us that 
the swellings induced by Scheuerlen’s operations were from their own 
observations not cancerous .t 

Many experimenters have recorded observations with respect to 
transplantation or grafting of cancer. Here again the results are at 

* July Stli.—Animal killed 165 days after the experiment. IPost mortem .— 
sign of local or visceral infection. 

In the same way, hdiween three and four months ago, we transplanted living 
portions of scirrhus tumours into three white rats. At present they show no signa 
of infection. It may be said, then, that at present there is no evidence that hu man 
cancer can be transferred to brutes.—July, 1890. 

t Professor Platon I. KubasofP, of Moscow {* Proceedings of the third General 
Meeting of Medical Men at St. Petersburg,’ 1889, No. 2, p. 41) has asserted that a 
bacillus can be cultivated on coagulated blood serum which will produce tumours in 
rabbits and cats after inoculation. It will appear from what is stated in the text 
that this reqnires confirmation. 
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vaiiaiki^. Senger* and Sennf have never observed tumour formation 
to ensne after grafting. This accords with the results of earlier 
observers in this field, Sir William Savory and Sir John Simon. In 
none of these experiments were the animals suffered to live any con¬ 
siderable time, and it is in this that they are not satisfactory. Of 
oarcinoma it is especially true that it is a disease of advancing years. 

in experiments made from animal to animal Dontrelepont obtained 
only negative results, as also did Senn. 

We have already noticed Hanau’s successful inoculations of squa- 
mous-celled carcinoma of a rat into the abdominal cavities of two 
other rats; and it remains to mention the transplantation experi¬ 
ments of Dr. Wehr,J who successfully transferred a vaginal carci¬ 
noma of a dog into the subcutaneous tissue of the beHy of another 
female dog. Yalvular apertures in the skin were made in four 
places and a piece of tumour was pushed into each with antiseptic 
precautions. The experiment was performed in December, 1887. 
The nodules increased in size and the animal died in June, 1888, 
much emaciated. At the autopsy the retroperitoneal glands and the 
spleen were occupied by secondary growths. 

By injecting cancer juice triturated and mixed with distilled water 
into the jugular vein of dogs, certain results have followed in the hands 
of Langenbeck, I’olHn, and Lebert, ITodules have been found in some 
of the internal organs, bub the results are of no value owing to the 
lack df sufficient histological investigation as to their nature. For it 
is well-known that inert solid particles if lodging in internal organs 
excite a local inflammation and production of fibroid tissue, which 
may attain some size; this is a well-known ocotirrence in* the lung in 
masons, for instance. 

Hahn Berlin Klin. Woch.,’ 1888) has shown that in the human 
subject it is possible to transplant a cancerous nodule from one spot 
to another in the same person, with the result of the graft increasing 
in size and invading the surrounding tissues. 

In the ‘ Progres Medical,’ Ho. 16 (1889), Darier loports that he 
has found coccidia in the epithelium in ‘‘Paget’s Disease of th# 
Hippie.” He concludes that not only this disease, but the carcinoma 
that often follows it, are caused by the parasite; and at a meeting of 
the Pathological Society (March, 1890), J. Hutchinson, junr., 
showed specimens which he believed were confirmatory of Darier’s 
observation. § 

* “Studien zur Aetiologie des Carcinoms ” (‘BerHn Kim. Wochenselirift/ 1888). 

t “ Surgical delations cf Micro-organisms (‘ Transactions of the American 
-Surgical Association/ vol. 6,1888). 

J * Tran^tions of the eighteenth Congress of Q-erman Surgeons/ Berlin, 1889, 

Weitere Mittheilungen fiber die positiven Ergebnisse der Oarcinomuberimpfungen 
Ton Hund auf Hund.” 

§ Heisser, in the ‘ Viertelj. f. Derm. u. SyphUis,* 1888, expresses his belief that 
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Whether the carcinoma which follows in certain cases of Paget's 
-disease is caused.by these organisms, which presumably produce the 
cntaneons lesion, remains open for fattire investigation, as does also 
the question whether there are in cancerons tnmonrs generally para¬ 
sites of the same, or of an allied, natnre, but which from their simi¬ 
larity to the cells of the infected tissnes have hitherto escaped notice. 


the Position of the Vocal Cords in Quiet Respiration 
in Man and on the Reflex-Tonns of theii* Abductor Muscles,” 
By Felix Semon, M.D.5 F.R.C.P .5 Assistant Physician in 
charge of the Throat Department of St. Thomas’s Hospital, 
and Laryngologist to the National Hospital for Epilepsy and 
Paralysis, Queen Square. Communicated by Prof. Victor 
Horslet, F.R.S. Received May 25,—Read June 12 , 1890. 

Although the laryngeal phenomena attending the act o£ respiration 
in man have not escaped the attention of physiologists and laryngo¬ 
logists, yet investigation on this point has been comparatively 
limited and nothing like nnanimity of views has been obtained. On 
the contrary, a perusal of the chapters devoted to the description of 
the mechanism of respiration in the admittedly best and most recent 
physiological text-hooks shows that there exists a very remarkable 
diversity of opinions, not merely on details or on points of secondary 
importance, hut on the very question, whether the larynx plays an 
active role during quiet respiration in man or not. 

Thus Hermann,^ Dalton,f Landofs, and Stirling^ describe the 
glottis in man during quiet respiration as in a condition of rhythmical 
widening and narrowing; Grutzner§ as forming a small triangle not 
differing considerably from that seen after death, the laryngeal 
muscles being in a state of inaction; Rosenthaljj as being pretty 
widely open, this being due to some muscular action, not precisely 
* d^eribed; Michael Poster^ as sometimes in a state of rhythmi<^ 
widening and narrowing and sometimes in the same state as seen 
after death, this being due to an equilibrium between the dilating 

mollusoum contagiosum is a disease due to the presence of Psorozoa; aCnd both 
Darier and White, of Boston, have described similar Protozoa as being the essential 
4^se of a rare form of skin disiMise, which has been immed ** keratosis foHicularis ** 
or “ psorospermosis folliculaire v^g^tante ” 

* ‘ Physiologie,* 1870, p. 156. 
t * A Treatise on Human Physiology,’ 1867, p. 223. 

Z Her mann ’s * Handbuch der Physiologie,’ voL 1, Part ii, p. 57, et seq, 

§ * A Text-book of Human Physiology,’ 2nd edit., vol. 1, p. 252. 
il Hermann’s ‘Handbuch der Physiologie, vol. 4, Part ii, pp. 231, 232. 

If ‘ A Text-book of Physiology,’ 1889, p. 548, and 1879 (3rd edit.), p. 604. 
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and constricting mnscles; Vierordt* and MacEendrickf as being 
■widely open; and BruckeJ as being kept open dnring inspiration. 

Three -widely different conditions therefore are described as repre¬ 
senting the actnal laryngeal phenomena observed dnring quiet 
respiration in man, viz.:— 

(a.) Rliytlimical opening and narrowing o£ the glottis. 

(b,) A condition of rest, the glottis being widely open. 

(c.) A condition of rest, more or less corresponding to that seen 
after death. 

The first of these descriptions, which dates hack to prelaryngoscopic 
times, is probably the most universally accepted one. It is generally 
believed that even during quiet respiration, with each inspiration a 
very perceptible widening, with each expiration a correspondingly 
perceptible narrowing, of the glottis takes place. 

The actual facts, however, little agree with this opinion. From 
the metric measurements of the glottis, to be described in full further 
on in this paper, it will be seen that only in a small percentage of 
cases (less than 20 per cent.) the vocal cords of healthy, quietly 
breathing adults make rhythmical excursions extending over 4 mm- 
or more, and that in over 80 per cent, the glottis either remains 
almost immovably open during both inspiration and expiration, or 
that the excursions of the vocal cords are hardly appreciable. 

■ The truth of this statement can so easily be verified by daryngo- 
scopic examination that it is not easy to understand how a different 
belief could so long have held its ground, though a good many ex¬ 
planations of this paradox may be advanced. Thus it may be that 
some physiologists have simply transferred observations made on 
animals (in which the rhythmic movements of the cords, as a rule,, 
are much more energetic than in man) to human beings, or that they 
have drawn their conclusions from an insufficient number of observa¬ 
tions on man, or that nervous persons, unaccustomed to laryngoscopic 
examination, were experimented upon, or that, by the application of 
the laryngoscope, reflex movements were produced, or finally, that 
the serious mistake was committed of ordering the persons upon 
whom the observations were made to “ breathe quietly.” Under any 
of the last-named conditions, but especially under the last one, the 
general type of respiration, in accordance with universally admitted 
experiences, is apt to change at once in the direction of either 
deepening or acceleration, and it is under these circumstances that 
appreciable rhythmic excursions of the vocal cords are seen. 

But if a number of healthy, not nervous, adults, accustomed to the 
application of the laryngoscope, are examined by a skilful observer 

* * d-nmdnss der Pbysiologie des Menschen,’ 1877, p. 528.' See also p. 224. 

t ‘ Text-book of Physiology/ 1889, vol. 2, p. 311. 

J ‘ Torlesmigeii uber Pbysiologie,’ 1881, p. 450. 
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without their attention being in the least drawn to their mode of 
respiration, it will be seen, as above stated, that only in a small 
fraction appreciable widening and narrowing of the glottis oconrs, 
and that, in the overwhelming majority of cases, the latter, during 
both phases of respiration, forms an almost stationary isosceles tri¬ 
angle, such as described by Eosenthal. To obtain this result, however, 
all the conditions just mentioned must be rigidly adhered to. 

CJorroborative evidence concerning the almost quiescent state of the 
glottis in man during quiet respiration will be found in the text-books 
and writings of Ozermak,* Luschka,t EiegelJ Schech,§ Yon 
Bruns, jj Merkel,^ Mandl,** Tobold,tt Stoerk,JJ Bresgen,§§ 
'Gottstein,jlj| Rosenbach,^^ Krause.*** 

Seineleder,ttt Burow,JJj: Prosser James,§§§ and Bosworth||([j] 
merely mention the rhythmic excursions, andB. Prankel,^lf^ though 
he does not directly speak of a state of quiescence, expressly states 
that even during expiration the glottis is wider open than when seen 
after death. The utterances of Sir Duncan Gibb,**** Turck,fttt 
Pauvel,JJJJ T. Solis Cohen,§§§§ and Sir Morell Mackenzie|| |j jj |1 
allow of no definite conclusions as to thcvse authors’ views on the point 
at issue. 

* ‘ Ber Kehlkopfspiegel/ 1860, p. 36. 
t ‘ Ber Kehlkopf des Menschen,’ 1871, p. 49. 
t Tolkmann’s ‘ Sammimig klinischer Tortrage,’ No. 95. 

§ * Experimentelle IJiitersuclmngen uber die Punctionen der Nerven und 
Muskeln des Kehikopfs,’ 1878, p. 40. 

II * Larjngoscopie und laryngoscopische Chirurgie,’ 1873, p. 101. 

^ ‘ Anatomic und Pliysiologie des Stimm- und Sprachorgans,’ 1863, p. 120, 

** * Traite pratique des Maladies du Barynx,’ 1872, p. 245. 
ft ‘ Laryngoscopie und Kehlkopfkrankheiten,^ 1874, p. 126. 
tt ‘ Elinik der Krankheiten des Kehlkopfs,* 1860, p. 68. 

§ § * Patbologie imd Therapie der Nasen- Mundrachen- und Eehlkopfkraukheifcen,* 
1884, p. 34. 

j] 11 ‘ Bie Krankheiten des Kehlkopfs,’ 1890, pp. 11,12. 

ft “ Zur Behre von der doppelseitigen totalen lAhmung des Nervus laryngeus 
inferior (recurrens) ” (‘ Breslaueraerztliche Zeitschiiffc,* Januar 24,1890.—^Eepiint, 

p. 10). 

*** “ Expeiimentelle IJntersuchungen und Studien uber Contracturen der Stimm- 
handmuskeln ” (‘ Yirchow*s Archiv,’ vol. 98,1884.—Beprint, p. 37). 
fft * Bie Laryngoscopie,’ 1863, p. 6. 
ttt ‘ Laiyngoskopischer Atlas,’ 1877, p. 25. 

§§§ ‘ Sore Throat,* 1878, p. 60. 

P11II * A Manual of Biseases of the Throat and Nose,’ 1881, p. 16. 

In V. Ziem^n’s ‘ Handbueh der spec. Pathol, u. Therap.* 2nd edit., vol. 4. 
—Beprint, p. 54. 

###* < Diseases of the Throat and Windpipe,’ 1864, p. 458. 
tttt ‘ Klinik der Krankheiten des Kehlkopfs,’ 1866, p. 80. 

' Traite pratique des Maladies du Laiynx,’ 1876, p. 79. 

§§§§ ‘ Biseases of the Throat and Nasal Passages,’ 1879, pp. 60 and 61. 

1111II II ‘ A Manual of Biseases of the Throat and Nose,’ vol. 1,1880, p. 242. 
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The nature of the question evidently renders it impossible to giy^y 
absolute proof of the quiescence of the glottis in quiet respiration in 
man, hut there cannot be the slightest doubt that repetition (under 
the necessary precautions) of the observations to be detailed hereafter 
will fully corroborate the statements concerning this point so far 
made, and for the purposes of the present investigation they may 
fairly be taken as proven. 

If this then be granted, the question arises whether the quiescent 
state of the glottis as seen during tranquil respiration is identical 
with the condition seen after death (the cadaveric position) or 
whether during both phases of respiration the glottis during life is 
wider than it is in the dead body. This question is one of funda¬ 
mental importance for the present investigation. If it we^*© true, as 
assumed for instance by Grrutzner and Michael Foster, that the width 
of the glottis during tranquil breathing is identical with the cadaveric 
position, the larynx would be reduced, so far as its participation in 
normal respiration is concerned, to the passive rdle of an air-conduct¬ 
ing tube, and would thus be put on a par with the trachea and the 
bronchi. This position of the vocal cords could be expressive of one 
of two conditions only, namely, either of a state of complete inaction 
of the vocal cords (Qrutzner), or what practically amounts to the 
same, of a state of complete equilibrium between the abducting and 
adducting forces (Foster), In either case there would be no active 
participation of the larynx in the function of respiration. 

If, on the other hand, Rosenthal’s, Tierordt’s, and MacKendrick’s 
contention were true, that the glottis is widely open during both phases 
of quiet respiration, or at any rate wider than after death, it would 
follow with logical necessity that the state of things seen during life 
represents neither an equilibrium between the antagonistic adducting 
and abducting forces, nor a state of inaction of both of them, 
but that it must necessarily be due to some actual muscular force 
wbicb would be at work constantly during life. Tbe result of the 
action of this force being that the glottis is more dilated even during 
qniet respiration than it is after death, this would obviously seem to 
signify that its function is to facilitate the act of respiration hy allow¬ 
ing a freer ingress and egress of air to and from the lungs than would 
he possible if the vocal cords were either in a state of inaction or of 
balance of the antagonistic motor forces. The laiynx then would not 
play a mere subordinate part in respiration as commonly supposed and 
come into action only as an accessory or associate in case of need, that 
is, during forcible respiration, hut would be in a state of ^permanent 
activity during life, and those of its muscles which keep the glottis 
wider open during ordinary respiration than it is after death wonld, of 
necessity, belong to the class of regular respiratory muscles and would 
deseme d more prominent position them has been hitherto accorded to them. 
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Ajo. ai^mpt will be loade in this paper to show tbat tbe actual con- 
ditions oorr^pond to i^ie second of these two alternative. Tbe 
question has occupied my attention for a very considerable length of 
time, and as far back as 18841 submitted the considerations of which 
this paper is an outcome to the opinion of the Laryngological Section 
of the International Medical Congress, at Copenhagen, in the discus¬ 
sion on ‘‘An etiologicarclassification of the motor impairments of 
the larynx.’’* * 

On the same occasion Professor Krause, of Berlin, communicated 
his ideas on the refiex-tonus of the abductors of the vocal cords, ideas 
which fully harmonise with my own, and which shortly after¬ 
wards found full expression in his paper in Yirchow’s ‘Archiv,’ 
above referred to. They are exclusively based upon theoretical con- 
sidmations. 

In order to show that the glottis is wider open during quiet 
respiration (both inspiration and expiration) than after death, or 
after division of the vagi or recnrrent laryngeal nerves, proofs of a 
threefold natnre may be adduced, namely:— 

First. Corroborating evidence from trustworthy observers. 

Second. Direct comparative measurements of the width of the 
glottis during quiet respiration and after death. 

Third, itesnlts of experiments on animals. 

a, OorroborcUing Literary Evidence. 

In a previous paragraph, the names of those observers have been 
given who maintain that the glottis during quiet respiration is in a 
quiescent state. Of these observers, Rosentbal, Yierordt, Czermak, 
Lnschka, Ycm Bruns, Schecb, Biegel, Frankel, Eosenbach, Krause, 
Gottstein expressly state tbat the glottis during both phases of quiet 
respiration is wider open than after death, whilst the opinion of 
almost all the other authorities named appears to go to the same 
effect, but is not so distinctly stated that they could be quoted as 
partisaus of this view. On the other hand, one laryngoh^ist only, 
namely, Mr. Lennox Browne,f expresses decided views as to the identity 
of the state of the glottis as seen during quiet respiration and after 
death. 

He figures (Plate 10, fig. 92) the appearance of the normal larynx 
after death, showing the cadaveric position of the vocal cords, and 
adds (p. 334), “ This is also their position during quiet respiration.” 

* A short reference to these observations will be found in tke Transactions of tlie 
Congress (‘Compte-rendu des trayaux de la Section de Iiaryngologie,’ Copen¬ 
hagen, 1886.—^Reprint, p. 48), but the work upon which they were based is now 
for tlie first time published. 

t * The Throat and its Diseases/ 1st edit., 1887. 
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The weight of evidence, therefore, is entirely on the side of the 
glottis being wider open during quiet respiration in life than after 
death. 

&. Direct Measurements of the Width of the Glottis during Quiet 
Be^ration in Man, 

Surprisingly few direct measurements of the width of the glottis 
during quiet respiration have apparently been made. 

In the childhood of laryngoscopy, graduated mirrors were recom¬ 
mended for making accurate observations concerning this and other 
points of physiological interest, and some short notice on such mirrors 
will be found in almost every text-book of laryngology.* On the 
whole, however, it appears that very little practical use has been 
made of these mirrors. Altogether, I find only the following metricf 
statements on the width of the glottis as seen during life and after 
death:— 


Authors. 

During Life. 

After Death. 

Position of 
rest, during 
quiet respira¬ 
tion. Width 
of glottis. 

Margins of 
respiratory 
excursions 
during ordi¬ 
nary respira¬ 
tion. 

Width 
on deep 
inspira¬ 
tion. 

Width 

glott 

Men. 

of the 
is in 

Women. 

LusehkaJ. 

Y. Bruns§.. 

B. Brankeljl. 

MerkelY.' 

Huschke**... 

I. Sohs Cohenft.. 
Morell Mack enzietJ 

o o 

6——12 
6—12 

13—20 

6—6 

5—6 
ca. 6 
ea. 4 

3—4 

3—4 
ca. 4 


The numbers given in this table, however, for the following 
reasons, can only be used with great discretion. To begin with, 
Solis Cohen’s and Mackenzie’s statements have been added for the 

* See, for instance, Merkel, loc. cit,, p. 5; Mandl, loe, cit,y p. 116 ; Semeleder, 
Joe. citf p. 24; Tiiiek, toe. eit.j p. 142; Mackenzie, loc. cit., p. 224, &e. 
t For convenience, I have reduced all of them to millimetres, 

X Doc. cH. 

§ Loc. eii., and, p. 87, ihid. 

11 Doe. cU. 

Doe. eii.y p. 172 and 173. 

■** See Merkel, loe. cit.^ p. 172. 
if Doe. dt. 

Jt Doe. cif. 
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sake of completeness only, as it will be seen from tbe table that tbey 
give no direct measurements for quiet respiration, wbieb in the 
present investigation alone is of importance. Moreover, the passages 
in their works in which the statements in question occur may be 
differently interpreted.* Secondly, only Lnschka and Yon Bruns 
give numbers comparing the different positions as seen daring life 
and after death. Thirdly, it does not appear, from the statements of 
any of the authors quoted, whether their numbers are outcomes of 
direct meamrements or of mere estimates, and even if the former, upon 
how many measurements their statements are based- Finally, and 
this is no doubt the most important objection against drawing definite 
conclusions from the above table, it is not stated in the writings of 
any of the authors quoted whether the numbers given by them, 
be they the outcomes of direct measurements or not, refer to the 
actual width of the glottis or to the apparent one, as seen in the 
graduated mirror. 

I will, therefore, draw no inferences whatsoever from this table, 
and only direct attention to the facts that, with all these shortcomings, 
(1) the minimum of the numbers given for the position of rest by 
Luschka and Yon Bruns is larger than the maximum of the width 
after death, as given by all the observers who have expressed this in 
numbers (Luschka, Yon Bruns, Frankel, Merkel, and Huschke) ; and 
that (2), even if we were to take into consideration the rhythmical 
excursions as given by Solis Cohen and Mackenzie, their minima 
would just correspond to the stated maxima of the width of the 
glottis in the dead body. 

As I felt, however, that the evidence on this point, for the reasons 
above given, was by no means conclusive, I began this investigation 
by making a large number of direct measurements of the width of 
the glottis in adults during quiet respiration and after death. The 
number of my observations on living persons amounts to fifty, that 
on dead bodies to twenty-five.f I need not say that in every instance 
the measurements were made with great care, strictly in accordance 
with the rules enumerated in a foregoing paragraph, and that in 
every case of observation of the living subject the graduated mirror 
was repeatedly introduced, and the average taken from the numbers 
^ined. It may, however, here be stated that in one and the same 
person, unless his attention be called to his mode of breathing or 

* Solis Cohen says, “ The space across will vary ordinarily from three to sit lines, 
but when widely dilated by a deep iuspiration it may be from six to ten Hn^, 
leaving a space large enough often to admit a good sized finger.” Mackenzie says, 
“ On inspiration they (the vocal cords) appear almost to touch each other at their 
anterior insertion, but to be separated from i to i an inch posteriorly.” 

f For some time I examined the larynges of ail adults of whom a post-mortem 
examination was made in St. Thomas’s Hospital. 

VOL. XLVm. ** 2 F 
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extraneous causes influence liis respiration, tlie state of tlie glottis 
during tranquil breatliing remains pretty constant, as I have ascer¬ 
tained by measuring several persons on different days, and by com¬ 
paring the results thus obtained. 

As to the method, I availed myself of a mirror on which a millimetre 
scale is engraved in such a direction that when the mirror is held in 
the correct position the scale stands parallel with the plane to be 
examined, that is to say, the distance between the inner borders of 
the arytenoid cartilages. The source of confnsion which this arrange¬ 
ment undoubtedly entails, viz., that the marks of division of the scale 
are themselves reflected in the mirror if the latter be held in the 
correct position, that is to say, at an angle of 45° towards the horizon, 
is easily eliminated by a little practice. 

There is, however, another point of the greatest importance with 
regard io the exactitude of the measurements, and one which, with 
the exception of a passing remark of Mandl’s (Zoc. cit, p. 116), I And 
to my surprise is not mentioned by any previous observers who speak 
a^ut the use of these graduated mirrors; I refer to the considerable 
difference of the actual from the ajpparent length of the distance 
measured. The distance between the inner surfaces of the arytenoid 
cartilages, as apparent on the scale engraved on the laryngeal mirror, 
is not equal to the real distance, but considerably smaller than this, 
and the proportion between the real and the apparent lengths is' 
according to the principles of physiological optics, the same as the 
proportion between the real distance of the object, on the one hand, 
and the distance of the mirror, on the other, fi?om the observers eye 
respectively. ^ 

The real ^tance of the ohjeet (i.e., the level of the glottis) from 
the observer’s eye is of course equal to the distance of the observer’s 
eye to the centre of the mirror plus the distance of the centre of the 
mirror to the object. 

If we therefore assume, with B. Frankel (Zoc. dt., p. 16), that the 
average distance of the observer’s eye from the centre of the mirror is 
22 cm. (of which 14 cm. go to the distance to the mouth of the person 
exammed, and 8 cm. to the distance from the mouth to the mirror), and 
that in an adult man of middle size the average distance from the 
centre of the mirror to the glottis is 8 cm. (in an adult woman 6 cm.) 
we obtain, if we call the apparent lengths of the base of the glottic 
triangle as seen during quiet respiration in the mirror a, and the real 
length which is wanted x, the following proportions 


•The ^e result is obtained if the ratio of the size of the scale on the mirror 
to the real size of the object be enquired into. If the distance from the eye to the 
m^r = ^ and the distmce from the mirror to the object = B, the whole 
distance from eye to object = A + B j the apparent size of the object will 
be to thi^t of tbe scalo on the miiror &s 


A 4^ B' 
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In man ; 22 : 80 = : a;. 

In woman : 22 : 28 = a : a?. 

30a 1 o/? T 

Wlience it follows that in men: x is equal to or = a I'oo, in 

28a - 

women: « = = a 1’27. 

It is obvious that in spite of all these precautions no absol^itely 
correct numbers can be obtained, because, on the one hand, the dis¬ 
tance of the observer’s eye, even if he be emmetropic, is not always 
exactly equal to 22 cm, from the centre of the mirror, and, on the 
other, the distances of the level of the glottis from the centre of the 
mirror as given above for men and women are only average figures, 
from which the exact figures in individual cases might not incon¬ 
siderably differ. Still I have found by measuring in a double maimer 
a large number of dead laiyn^s in order to control my laryngoscopie 
measurements (viz., by first examining them with the graduated 
mirror, whilst the conditions of life were as carefully as possible 
imitated so far as position, distances, &c., are concerned, and by 
afterwards introducing a fine compass into the larynx, and measuring 
directly the distances between the inner surfaces of the arytenoid 
cartilages), that with sufficient • practice nearly accurate results are 
obtained by direct measurements. The maximum error committed 
in measuring laryngoscopically was 1 mm., the average ^ mm., 
while in a large number of cases the laryngoscopie and direct 
measurements completely corresponded with one another. 

Of the measurements of dead larynges, it has already been stated 


Thus if A = 22 
and B = 8 

A -f B 30 ~ the distance (if the person examined be an adult man). 

22 

The ratio of size of scale to the object will then be = ~ = 0'733 5 0*733 mm. 

30 

on the mirror scale correspond to 1 mm. real size. 

If the eye he removed to a small extent further from the mirror, say to 24 cm. 
instead of 22 cm., the result will not be very different, as both the numerator and 
denominator will be increased. In the first case, as before stated. 


|! = W33. 


In the latter 


24 

32’ 


0-75. 


The real size (ar) will then be to the-apparent {a} = 1 : 0*733, or a? = o-ijrgg** 
This gives the real width of the glottis in adult men. 


In women ar =-• 

0*75 

I am much obliged to Mj. Stevenson for having given me this formula. 

2 F 2 
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tliat a large number of them were examined by botb laryngoscopic 
and direct methods; the remainder were measured directly. It need 
hardly be added that all undue traction, pressure, or, in short, any¬ 
thing that could possibly tend to disturb the naturaljcondition of the 
parts was carefully avoided. To obviate the objection, that the 
natural condition might have been disturbed by the mere removal of 
the larynx from the body, prior to the distance in question having 
been ascertained, I have made some laryngoscopic measurements on 
dead bodies before the •^osi-mortem was commenced,’*' and have com¬ 
pared the results thus obtained with the laryngoscopic and direct 
measurements taken afterwards when the larynx had been removed 
from the body. It was found that the width of the glottis had not 
been altered by the removal of the larynx. 

I now proceed to quote the results I obtained. 

In a total number of 50 persons whom I have methodically 
examined with the graduated mirror during quiet respiration, I have 
only found regular and considerable rhythmical movements eight 
times. Considerable movements I call all such, in which the excur¬ 
sions of the cords influence the width of the glottis during the two- 
phases of respiration to an extent of more than 4 mm. Of the re¬ 
maining 42 persons examined, 2S were men, 19 women. In all these 
cases during quiet respiration the glottis remained either immovably 
open, or the excursions of the cords were so slight as to easily allow 
of estimating the average width of the glottis. Subjoined are the 
i-esults of my experiments, expressed in millimetres, both the apparent 
and the real size being given in round numbers. 


* I may state here, that, according to repeated examinations of my owq, rigor 
mortis in man exercises no influence upon the width of the cadaveric glottis. 
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Males. 

Females. 


Ayerage size of the glottis. 


Average size 

of the glottis. 

Age. 



Age. 



Apparent. 

Beal. 

Apparent. 

Beal. 



32 

8 

11 

19 

8 

10 

36 

9 

12 

26 

8 

10 

28 

9 

12 

34 

10 

12 -5 

22 

10 

13-5 

33 

8 

10 

34 

9 

12 

28 

9 

11 -5 

55 

7 

9-5 

60 

7 

9 

46 

9 

12 

43 

8 

10 

53 

10 

13-5 

25 

10 

12 *6 

48 

10 

13-5 

44 

9 

11 *5 

26 

12 

16 

53 

8 

10 

27 

10 

13-5 

19 

8 

10 

30 

9 

12 

22 

7 

9 

44 

8 

11 

22 

10 

12*5 

28 

10 

13 *5 

34 

11 

14 

20 

7 

9*5 

21 

10 

12*5 

53 

11 

15 

45 

9 

11*5 

59 

10 

13*5 

37 

12 

15 

45 

9 

12 

26 

10 

12*5 

19 i 

10 

13*5 

21 

9 

11*6 

23 

14 

19 




68 

9 

12 




22 

8 

11 




60 

11 

1 16 





From these tables it will appear that my own measurements on the 
whole agree, so far as the apparent distance is concerned, with those 
of Lnschka and Von Bruns, who alone have expressed these con¬ 
ditions in numbers. I can only assume that both these authors 
speak of the apparent, not of the real, size when stating that the 
average width of the glottis in both cases varies from 8 to 10 mm,; 
this, it is seen, is also the average of the apparent size in my own 
measurements, the maximum being in men 14,* in women 12 mm., 
and the minimum in both cas^ being 7 mm. The exact average as 
resulting from my observations would be in men an apparent width 
of nearly 10 mm., corresponding to an actual width of 13*5 mm., and 
in women an apparent width of exactly 9 mm., corresponding to an 
actual width of 11*5 mm. I cannot say that I have been able to make 
out any distinct relationship between the widths of the glottis and 
the ages or statures of the persons examined. 

* This figure, correspondiog to 19 mm. real size, entirely confirms the apjarently 
somewhat exaggerated descriptions giyen by Czermak and Solis Cohen, who ^:ate 
that the glottis in some cases, eyen during quiet respiration, would admit a good 
sized finger. 
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Tlie following are my results as to tlie width of the cadaveric 
glottis:— 


Ken. 

Women. 

Age. 

Beal size of cadaveric 

Age. 

Beal size of cadaveric 

glottis. 

glottis. 

35 

5-5 

21 

6 

1*7 

4 

40 

2 

M 

5 

27 

4 

2 S 

5 

56 

2*5 

4S 

4-5 

54 

4*5 

50 

5 

58 

3*5 

54 

6 

33 

4 

63 

4 

23 

4*5 

53 

3*5 

60 

5 

26 

4 



45 

5 



27 

3*5 



60 

5*5 



77 

4*5 



35 

5 

j 


48 

5 




Here agaan on the whole, my results agree with those fotmd Tby 
previous observers (Lnschka, Von Bmns, B. Franhel, Merkel, 
Hnschke). In 16 larynges of adnlt males I found a maximum width 
of 6, a minimnm of 3’5 mm., widist the average was very nearly 5 mm.; 
in 9 larynges of adnlt females the maximum width was 6, the mini¬ 
mnm 2 mm., the average exactly 4 mm. 

It can he positively stated that no relationship exists between the. 
cadaveric widths of the glottis and the ages or statures of the bodies, 
since the maximum width seen in the female (6 mm.) was observed 
in a small woman, who had suffered from tuberculosis of the lungs; 
the minimum width seen in a man (3*5 mm.) was observed in a tall 
lad of 19 who died from renal disease. 

At the same time I must not omit to observe that the remarkable 
differences in the width of the cadaveric glottis as shown by the last 
table, especially in females (from 2 to 6 mm.) make it to my mind 
rather doubtful whether the expression “ cadaveric position of the 
vocal cords ” is a very significant and usefol one. 

In an isosceles triangle of 20 mm. length, this being the average 
length of the glottis in females, it makes a very considerable differ¬ 
ence in the position of the sides whether the glottis be 2 mm. or 
6 mm. in length.* 

* The last-named fact appears to be of considerable importance, with regard to 
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If we BOW compaa:^ tlie summary of tlie two last tables sitowiiig tbe 
widtii of tbe glottis during quiet respiration and ^ter death, respec¬ 
tively, the results will be found to be rather surprising. 

The width of the glottis in adults expressed in millimetres is:— 


In men. 

Average. 

Maximum. 

‘M’iTiiTrmTn. 

^ . . , . f apparent size 

Durmg qmet respiration | rS .... | 

10 

13-5 

14 

19 

7 

9*5 

AjFfcAT* •■•*••««•***«••« «•! 

5 

6 

3*5 






In women. j 

Average. 

M5I.TTTmTTn. 

Minimum. 

During quiet respiration - 

AffjftT .... 

■ apparent size 
, real size .... 

9 

11*5 

4 

12 

15 j 

6 

7 

9 

2 



In other words, first, during guiet respiration the width of the glottis 
in both sexes is on the average not only fully twice the size or more of 
the glottis as seen after death, as would appear from mere laryngo- 
scopic estimation, but in reality twice and a half to nearly three times 
that size. 

Secondly, if, instead of the averages, the maxima and minima 
respectively he compared, the differences in some instances are even 
larger. 

Thirdly, under all circumstances the rninima as observed during Ufe 
are greater than the maxima seen after death. 

Thus all metric observations go to prove beyond any donbt that 
the glottis during quiet respiration is much wider open than after 
death. 


Thirdly,—Experiments on Animals, 

Concerning the last category of proofs, to the effect that the 
glottis is wider open dnring quiet respiration than after death, namely, 
experiments on animals, I am able to state that from the first experi- 
menter—Legallois, down to the present day, all physiologists who 
have performed division of either both pnenmogastric or both recur¬ 
rent nerves on animals, and whose works on the subject have been 

the different descriptions by authors, as to what may be called paralysis of the 
xecnrrent laryngeal nerve and wliat abductor paralysis. 
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accessible to me in tbe original, namely, Legallois,* Ereid,t Longetjf 
Traxibe,§ Bosentlial,|j Dalton,^ Georg Scbmidt,** Scbech,tt Steiner, 
Yierordt, jun.,§§ unanimoiisly state that after sncb division tbe 
glottis became narrower than it bad been previously; and fcbis in 
fact is a statement -wbicb will be found in every texfc-book of phy¬ 
siology. 

This category of proofs, however, obviously again can only be used 
with great restrictions for tbe decision of tbe point at issue. In tbe 
first place, of tbe authors just named, only Legallois, Reid, Traube, 
Schmidt, and Scbecb state distinctly and unmistakably that tbe 
narrowing of tbe glottis of which they speak as a sequel to tbe divi¬ 
sion of tbe pneumogastric and recurrent laryngeal nerves refers to 
tbe difiEerence of the position of tbe vocal cords thus obtained from 
tbe one previously seen during quiet respiration. It can hardly be 
doubted that, also, tbe other authors quoted above think of this dif¬ 
ference when they speak of the narrowing resulting from tbe divi¬ 
sion; but, unfortunately, their statements on this important point 
are not so unequivocal as to altogether exclude the objection that they 
bad intended to contrast tbe position resulting from tbe division 
of tbe motor laryngeal nerves with that observed during deep 
inspiratim. 

Secondly, tbe conditions of quiet respiration in men and animals, 
so far as my own observations during a long-continued series of ex¬ 
periments on tbe functions of the motor laryngeal nerves and on tbe 
central innervation of the larynx undertaken in conjunction with 
Professor Victor Horsley permit me to conclude, are so different 
from each other, in that tbe quiet respiration of animals is much 
more usually accompanied by rhythmical excursions of tbe vocal 
cords than in men, that too much stress must not be laid on experi¬ 
ments in animals with regard to this point. 

Thirdly, there exist undoubtedly frequent and important anatomical 

* * Experiences sur la principe de la Tie;’ 1812, p. 197 ; and ‘ (Euvres,* 1830, 
vol. 1, pp. 170, et seq, and p. 248. 

t ‘ Physiol., Anatom, and Pathol. Eesearches,’ 1848, p. 118. His paper on this 
subject was published in 1841. 

J ‘ Gazette Kedicale de Paris,’ 1841, p. 469, and ‘ Traite de Physiologic,* vol. 3, 
p.529. 

§ ‘Beitrage zur experimentellen Pathologie und Physiologie,’ 1846, fasc. 1, 
p. 95, et seq. 

II * Die Athembewegungen u. ihre Beziehungen zum Heims Yagus,’ 1862, 77, 

Y ^ A Treatise on Human Physiology,’ 1867, p. 451. 

** ‘ Die Laryngoscopie an Thieren,* 1873, p. 31, ei seq. 

tf ‘ Experimentelle ITntersucbungen fiber die Functionen der Herven u. Muskeln 
des Kehlkopfs,’ 1873, p 31. 

* Die Laryngoscopie der Tbiere.’ Reprint from ‘ Yerbandlungen des Hatm. 
^list. Med. Yereins zu Heidelberg,’ H.S., vol. 11, Heft 4, p. 287. 

§§ * Beitrage zur experiment. Laryngoscopie.’ Diss. inaug., 1876, p. 39. 
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variations of nerve snpply, not only in different kinds of animals, but 
even in animals belonging to the same species; and again, as will 
hereafter be shown, the immediate effects of the division of the 
motor nerves of the larynx, as well as its ultimate consequences, are 
different according to the age of the animals used for the experi¬ 
ments. 

Thus, unless care is taken, all these circumstances combine to 
rednce, in this particular question, the value of experiments on 
animals for the solution of the corresponding question in men. Still, 
even if regard be had to all these circumstances and possible sources 
of error, the fact remains that by all observers narrowing of the 
glottis in all kinds of animals has been reported after division of the 
motor nerves of the larynx, and that by some of these observers the 
state of things thus resulting is expressly contrasted with the position 
as previously present during qniet respiration. 

A general survey of the mass of evidence so far accumulated proves 
beyond doubt that the glottis is wider open during quiet respiration 
(inspiration and expiration) than it is after death or after division of 
the pneumogastric and recurrent laryngeal nerves. The statements of 
the most trustworthy and experienced observers on men, the reports 
of all physiologists who have investigated this question by experi¬ 
ments on animals, and especially the direct comparative measure¬ 
ments of the glottides of quiet-breathing healthy adults and of dead 
adult bodies—all go to establish one and the same result, and leave, T 
think, no doubt as to the actuality of the fact that the glottis in man 
during quiet respiration is wider open than after death. 

The immediate outcome of this result is, as already stated in a 
previous paragraph, that the position of the vocal cords during quiet 
r^piration can neither represent an equilibrium between the anta¬ 
gonistic adductor and abductor muscles of the larynx, nor the result 
of inaction of both of them. In either of these two hypothetical 
conditions the width of the glottis during quiet respiration -could not 
but be identical with that seen after death. 

As matters actually stand, the state of the glottis during quiet 
respiration m ust necessarily be the result of active muscular contrac¬ 
tion, and must represent one of two conditions, viz., either simul¬ 
taneous activity of both the adductors and the abductora of the vocal 
cords with preponderance of the latter, or, secondly, some degree of 
activity on the part of the latter alone—the adductors being not at 
all in a state of functional activity. An attempt will be made here¬ 
after to show that the second of these alternatives in all probability 
corresponds with the actual facts. But before proceeding to a discus¬ 
sion of this point, the question which naturally arises from the fact 
that the glottis is wider during quiet respiration than after death 
demands a reply: What is the cause of this difference ? 
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A reply to tHs question will be given by a consideration of tbe 
physiological functions of tbe larynx. 

Tbe larynx serves two functions, wbicb are in a certain sense inti- 
mately connected witb, yet in another sense jxist as distinctly anta¬ 
gonistic to, each other. These are the functions of respiration and 
of phonation. For the purpose of the former—^which with regard to 
the vital interests of the individual is by far the more important one 
of the two—^it is indispensable that the lumen of the air tubes should 
be wide enough open to admit of the ingress and egress of the 
quantity of air necessary for breathing purposes, without at the same 
time imposing an additional labour upon the other respiratory 
muscles. Such an additional labour would arise if the portal for the 
entry and exit of air were so narrow that the air, instead of quietly 
passing, had, by forcible means, to be sacked through it. 

On the other hand, the function of phonation makes it a necessity 
that an apparatus should be interpolated within the air tubes which 
would admit of complete juxtaposition of the voice-producing organs. 

This interpolation, in all probability, was meant for the purposes of 
phonation only, not primarily for respiratory purposes. 

I am perfectly well aware that in a certain sense the interpolation 
of the phonatory apparatus, represented by the vocal cords, subserves 
also the protection of the lower respiratory passages against the 
entry of foreign bodies: but that this interpolation is not indis¬ 
pensable is conclusively shown by comparative anatomy. The purpose 
of protection is, indeed, as demonstrated by the latter science, suffi¬ 
ciently provided for by the “ constrictor vestibuli laryngis’^ (Luschka) 
or “ thyreo-ary-epiglotticus ’’ muscle (Henle), which forms the upper¬ 
most stratum of the sphincter muscles of the larynx. In Reptiles a 
sphincter of the simplest form surrounding the vestibule of the 
larynx is the only protective arrangement (Henle, ‘ Anatomie,’ vol. 2, 
p. 249), and even in dumb Mammalia the same simple arrangement 
returns. “ In the Cetaceous Mammalia,” says Mayo (‘ Outlines of 
Human Physiology,’ 1839, p. 380), “which are dumb, we find a 
respiratory larynx alone; the windpipe terminates in a contractile 
circular aperture, and this opens not at the root of the tongue, but is 
prolonged as a pipe towards the nostrils completely out of the way 
of food.” In man, again, a contraction of the constrictor vestibuli 
of the larynx sufficiently guards the lower air passages against the 
entry of foreign bodies, as shown by the numerous cases in which, 
though destruction of the phonatory apparatus (vocal cords) had 
taken place through disease, yet accidents from food, &c., “ going the 
wrong way ” occur no more frequently, than in people in whom 
these parts are intact. 

Thus comparative anatomy as well as pathological observation on 
men combine to show that the interpolation of the vocal cords is by 
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no means an indispensable adjnnct to the pnrpos^ of tbe r^piratorj 
proce^.* 

On tbe other band, in order to impart Tibrations to tbe column of air 
contained in tbe upper respiratory passages for tbe purpose of pro¬ 
ducing sound, nature chose as tbe most suitable form a reduplication 
of folds of mucous membrane within the larynx endowed with 
certain special characteristics. 

But this reduplication in turn seriously interferes with tbe calibre 
of tbe tube; that is to say, with tbe respiratory function of tbe 
larynx. 

That this interference is serious can easily be shown anatomically, 
and, though not quite so obviously, with tbe material at present in our 
possession, both physiological and pathological. 

For tbe first purpose I have made tbe following measurementst of 
dead laryng^:— 


Age of 
subject. 

Transverse 
diameter of 
vestibule of 
larynx. 

Width of 
glottic 
base. 

Total 
length of 
glottis. 

Longitudinal 
diameter of 
cricoid 
cartilage 
immediately 
beneath 
vocal cords. 

Transverse 
diameter of 
cricoid 
cartilage 
immediately 
beneath 
vocal cords. 

(a.) Males— 






23 

18 

5 

25 

15 

16 

50 

16 

5 

24 

16 

16 

43 

17 

4*5 

24 

16-5 

17 

54 

17 

6 

22 

18 

19 

63 

17*5 

4 

23 

18*5 

18*5 

(5.) Females— 






33 

13 

4 

20 

IS¬ 

13 

23 

13 

4-5 

20 

IS 

14 

m 

14 

5 

21 

13-5 

14 


From this table it appears that the transverse diameter of tbe 
vestibule of tbe larynx, on tbe one band, and tbe longitudinal and 
tbe transverse diameters of tbe cricoid cartilage, on tbe other, are so 
nearly equal to each other, that in both sexes, without committing 

* At the same time it is perfectly possible that in some species of animals the 
complete closure of the glottis is by far the most important means of protecting the 
lower air passages against the entry of food. "With regard to this very complicated 
question, see the excellent prize essay of Otto Frey, * Die pathologischen Lungen- 
veranderrmgen nach Lahmung der Nerri Tagi,’ 1877, p. 81. 

t My numbers referring to the total length of the glottis in men differ somewhat 
from those of previous observers in that they are a little smaller 5 the accuracy of 
the observations, however, can he vouched for. 
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any consideral)le error, the space above and below the vocal cords and 
ventricular bands might be looked upon as a circle. Selecting now 
ihe average radius resulting from the comparison of my measure¬ 
ments as the representative of the circle, we find in the five measure¬ 
ments of male larynges that its average would be about 8 mm. The 
area, therefore, ia adult men of the air-tube above and below the 
phonatory apparatus would be about 200 square mm. In women the 
average radius would be 6*5 mm.; the area of the air-tube above and 
below the phonatory apparatus would be therefore about 138 mm. 

Now, the average length of the glottic triangle in men after death 
is a little more than 23 mm., its base, as shown before, is 5 mm.; the 
area of the space included by the sides of the glottic triangle in men 
after death, therefore, is about 57 mm. 

In women, the average length of the glottis would be 20 mm., its 
width, as shown before, is 4 mm.; the area of the glottic space, there¬ 
fore, 40 mm. This means, in other words, that in adult individuals of 
both sexes the space for the entry of air is reduced by the interpola¬ 
tion of the phonatory apparatus when its constituent parts are at 
perfect rest to less than one-third of its natural area. 

Anatomically, therefore, there can be no question as to the gravity 
■of the diminution of the air channel, and the more so because it must 
not be forgotten that, even apart from the interpolation of the 
phonatory apparatus, the larynx and trachea represent the narrowest 
part of the whole air passages, both the uppermost part of the air 
passages and the aggregated diameter of the bronchi being consider¬ 
ably laiger than the calibre of the first-named parts. 

Physiologically, the question immediately arises : Is so considerable 
a diminution of the lumen of the air passages as that produced by 
the interpolation of the phonatory apparatus when at complete rest 
compatible with what we call at present the normal type of quiet 
respiration ? 

In this sentence the expression normal type of quiet respiration ” 
demands further explanation. It is by no means the purpose of this 
paper to show that, even if the glottis during life was identical with 
that seen after death, necessarily that state of laboured respiration 
which we call “ dyspnoea ” would arise. Obviously, if the inter¬ 
ference caused by the diminution of the calibre be not excessive, a 
condition of things could be imagined in which this diminution was 
counterbalanced merely by what is called “ hyperpnoea,’’ t.e., either 
an increased labour of the muscles normally engaged in quiet respira¬ 
tion (diaphragm, intercostal muscles, and scaleni), or additional 
efforts of the so-called ‘‘ accessory muscles of respiration. Under 
such circumstances, though one could hardly speak of the presence of 
actual dyspnoea, yet, undoubtedly, the state of things thus created 
would be difierent from what is at present the general idea of quiet 
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r^piration ia man. It will at once be seen that it is necessaiy to 
define tbis point very clearly, because, as already mentioned before, 
tbis part of tbe investigation is beset witb very considerable diffi¬ 
culties. 

Whilst, up to tbis point, tbe main part of our ailment bas been 
based on physiological observations on tbe human subject, and clinical 
facts and experiments on animals were only used as corroborative 
evidence, in this part of our enquiry we have to depend exclusively 
upon the two last-named factors, and for various reasons neither of 
them gives us so distinct a reply to tbe question at issue as would be 
desirable. 

First, witb regard to experiments on animals. 

It bas alimdy been stated in a previous chapter that the conditions 
resulting from section of the laryngeal motor nerves in animals vary 
very considerably according to species, age, and individual peculiari¬ 
ties of the animals experimented upon, and that, practically, the only 
point on which a complete consensus of opinion has been obtained 
consists in the fact that narrowing of the glottis bas been described 
by all observers. To what degree, however, this narrowing interferes 
witb the respiratory functions of tbe animal operated upon is a 
question tbe replies to which vary very considerably. 

The importance of the difference of species and of ages of the 
animals experimented upon for tbe decision of this point did not 
escape tbe acute observer who first thoroughly studied the influence 
of the division of the recurrent laryngeal nerves upon life, viz., 
Legallois. Having observed that in very young dogs tbe division of 
these two nerves led to speedy death by asphyxia, he wished to know 
whether tbe same phenomena were present in other specimens of 
animals. He therefore cut, be tells us,* sometimes the pneumogastric, 
sometimes tbe recurrent laryngeal, nerves in cats, rabbits, and guinea- 
pigs, in the first days of their existence. He found that “ cats died in 
the same manner, and perhaps even more quickly than dogs; that in 
guinea-pigs and in rabbits, section of the recurrents obstructs the 
glottis less completely, the former only die in about an hour’s time,, 
and tbe rabbits after a half hour,” 

Having thus stated the differences in degree depending upon tbe 
species of tbe animals, Legallois proceeded towards determining the 
influence of a^e upon tbe phenomena resulting from sudden diminu¬ 
tion of the calibre of the glottis. He found that “ section of the: 
recurrent nerves produces a less considerable suffocation in inverse 
proportion to tbe age of tbe animals; thus, in dogs and cats about 
two to three weeks old, this operation still causes dyspnoea, which,, 
though less strong than in the first days after birth, yet is strong 
enough to cause the death of the animals after a few hours. At the 
♦ ‘Experiences sur le Principe de la Yie,’ 1812, pp. 190, et 
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of three months or more, do^ are no longer so inconvenienced as 
to die; cats are much more so, and as soon as one excites them and 
forces them to walk they fall down as though they were suffocated.” 

Similar conditions obtain in rabbits and guinea-pigs. ‘‘The 
dyspnoea which is caused in their case by division of the recurrent 
nerves is less grave in proportion to their ages, but it is always more 
severe in guinea-pigs than in rabbits. For instance, the latter are 
much less inconvenienced by it at the age of one month than guinea- 
pigs at the age of five months, which may still perish from it within 
twenty-four hours.” 

“ The reason of all these difierences,” continues Legallois, “ is 
easily understood. It consists in the fact that, in proportion to the 
capacity of the larynx, the opening of the glottis in animals of the 
same age is greater in one species than in another, and still greater 
in the adult than at the moment of birth in those of the same species, 
as already stated by M. Richerand in the human species.* Or 
assuming that the form of the glottis, on the whole, is similar in 
these diverse animals, inasmuch as the areas of the smaller figures are 
to each other as the squares of the homologous dimensions, it is seen 
that a narrowing of the same kind of the glottic opening must inter¬ 
cept the passage of air in very difierent degrees.” 

And Legalloist sums up his remarks as follows: “ The diminution 
of the glottic opening varies according to the species, and much 
more even according to the age in certain species. In dogs, and 
especially in cate, it is so considerable that these animals are suffo¬ 
cated as quickly, or nearly so, as if one had ligatnred their trachea. 
In proportion to the growing np of these animals the danger becomes 
less pressing, and when they have arrived at a certain age they are 
only slightly inconvenienced by it (namely, by the diminntion of the 
glottis) ; this, at least, is so in dogs. From this it follows that of all 
the symptoms which are produced by section of the par vagum, the 
gravest ones, those that kill most quickly, are in certain cases those 
which depend upon the larynx. On the whole, whenever the diffi¬ 
culty of breathing becomes very severe immediately after this opera¬ 
tion, it is very likely that its principal cause is in the larynx; for 
instance, the violence with which the dyspnoea declares itself suddenly 
in horses, even in adult ones, and the promptitude of their death 
show that in these animals the glottis is considerably narrowed. A 
large opening made in the trachea furnishes simultaneously both the 
37 emedy for and the etiology of all these cases. The chink of the glottis, 
therefore, is n&o&r the same in the living subject as is found in the 
4 iadav&r, and the arytenoid cartilages need being supported by their 

* ‘Kouveaui ^4ments de Physiologie,* 2 edit., vol. 11, p. 436. 
t lUd,, p. 231, et seg. 
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pnuschs just as the upper eyelid needs the support of Us own^’^ (The 
italics are my own.) 

So far Legallois. I have quoted him at length, hrst, because the 
results of his experiments have, in the main, been corroborated by 
practically every observer who has repeated his experiments; and, 
secondly, because it appeared to me most interesting that the same 
thesis, the establishment of which is attempted in this paper, should 
have been given out with almost prophetic foresight at the beginning 
of the century by practically the first worker in this field. 

There is no need to quote at any length the experiences of subse¬ 
quent experimenters, as they agree on all the main points with 
I^gallois’ results, and as the whole literature of the subject has been 
most carefully quoted and abstracted by Frey in the excellent prize 
essay already mentioned. The general result of all these experi¬ 
ments may fairly be thus summarised:—that the effects of the sadden 
reduction of the glottis to its cadaveric width vary very considerably, 
first, with regard to the species; secondly, with regard to the age of 
the animal experimented upon; thirdly, though in a less degree, with 
regard to individual peculiarities of the animal. Whilst certain 
species, such as cats and horses, not only in the first days after birth 
but even when adult, are suffocated by the reduction of the glottis to 
the cadaveric size, other species, notably dogs, suffer less and less in 
proportion to their ages, so that, whilst they die when operated upon 
a few days after birth, dyspnoea only occurs on exertion when they 
are operated upon when adult. Again other species, such as rabbits 
and guinea-pigs, are not nearly so much inconvenienced as the species 
so far mentioned, even when operated upon at a very early period of 
their existence. 

Thus the general effect, in animals, of reduction of the glottis to 
the cadaveric size during life is undoubtedly interference with 
respiration, but the degree of interference immensely varies. 
Obviously, under these circumstances, it is not permissible to draw 
bard and ^t conclusions from experiments on animals with regard 
to the degree of interference which may be expected nnder similar 
conditions in man, and the only reasonable conclnsion which can be 
drawn is that in all probability reduction of the human glottis to the 
cadaveric position would also lead to some interference with normal 
respiration, and more so in the young human subject than in the 
adult. 

Even less satisfactory than experiments on animals are pathological 
observations on man for the decision of the question whether reduc¬ 
tion of the glottis to the cadaveric width interferes with normal 
respiration. It is perfectly true that nearly all observers* wbo have 

* For instance, y. Ziemssen, * Handbueli der speciellen Pathologie,’ vol. 4, pt. 1, 
p. 456 s Morell Macl:enzie, loo. p. 440 s G-ottstein, loc» ctf,, p. 259, Sue, 
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described cases of bilateral paralysis of tbe recurrent laryngeal 
nerves (wbicb are extremely rare) agree tbat there is no dyspnoea when 
tbe patients are at rest; but then two circumstances combine to 
render tbe value of tbis statement ratber doubtful for tbe decision of 
tbe point bere at issue. 

In tbe first place, it is more tban likely tbat only those coarser 
difierences of respiration wbicb are termed “ eupncea ” and “ dyspnoea*' 
respectively have met with attention on tbe part of clinical observers, 
and tbat, as no actual dyspnoea in tbe clinical sense of tbe term was 
met with in such patients when at vest, finer differences in tbe type 
of respiration, such as intensification or acceleration of respiratory 
movements on very slight exertion, were not particularly studied. 
Moreover, some of these observers, as for instance Solis Cohen,* 
indeed, speak of “ moderate dyspnoea ” on exertion occurring some¬ 
times under such circumstances. 

Secondly, however, a very important element, not mentioned so 
far, bere comes into consideration, namely, tbe wonderful adaptability 
of tbe human organism to very considerable changes in tbe respi¬ 
ratory conditions, tJioit these changes are produced slowly. It 

is an every-day observation with laryngologists, tbat an acute stenosis 
of tbe larynx, such as produced, for instance, by acute oedema, inter¬ 
feres, even if by no means very considerably, yet in a much higher 
degree, with respiration, and produces much greater subjective and 
objective dyspnoea, tban a much higher degree of stenosis due to 
chronic affections, such as growths in tbe larynx, bilateral paralysis 
of tbe glottis openers, cicatrices after ulcerative disease, congenital 
membranes expanded between tbe vocal cords, <fcc. 

Kow in almost all cases in wbicb bilateral paralysis of tbe recur¬ 
rent laryngeal nerves tbe pathological equivalent during life to 
tbe cadaveric position of tbe glotfcis after death) is produced, tbe 
course of events is a very slow one, and tbe patients have ample 
time to adapt their entire respmatory mechanism to tbe altered con¬ 
ditions of tbe larynx. Under such circumstances, their whole mode 
of respiration is instinctively changed to such a degree, tbat tbe 
effects of tbe reduction of tbe glottis to tbe cadaveric size are not 
likely to attract prominent attention. 

Tet there can be no doubt in my opinion tbat in cases of reduction 
of tbe glottis to tbe cadaveric size, except when tbe act of respiration 
is at its lowest physiological ebb, i.e.^ during complete rest of tbe body, 
a modification of tbe mechanism of respiration does occur as soon as 
any demand is made upon tbe respiratory apparatus. 

This opinion is noib purely theoretical. 

I have never bad tbe opportunity of observing a case of quite com¬ 
plete bilateral paralysis of tbe recurrent laryngeal nerves, but I have 

* hoc. cit., p. 144. 
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been able for a long time to follow a case in wbicb qnite analogous 
conditions bad been produced bj pericbondritis of tbe laaynx ending 
in anchylosis of the crico-arytenoid articulations, the cords being 
fixed in the cadaveric position. The width of the glottic base, 
measured with the graduated mirror, completely corresponded with 
about the maximum of that seen after death in that it was between 
5 and 6 mm. (the patient was a woman). There were no other 
laryngeal lesions interfemg with the calibre of that organ, nor any 
other affections causing diminution in the calibre of the air passages. 
The patient when at comply rest breathed quietly and without any 
effort; the number of her respirations per minute was on the average 
As soon, however, as she was told to twice pace up and down 
the length of the room in which she was examined, and then to sit 
down again, the number of her respirations at first very considerably 
increased, viz., to 36 or 40, then gradually the frequency diminished, 
but the inspirations became much more intense, the contraction of 
the scaleni being distinctly visible, and the levatores alse nasi per¬ 
ceptibly acting. It always took some time nntil the previous quiet 
type of respiration was re-established. The patient complained of 
consideTahle dyspnoea on however slight exertion. 

Thinking that a more positive reply to the question might he 
obtained by a study of the effects in man of sudden^ diminution of the 
calibre of the glottis to the cadaveric width, such as are unintentionally 
produced sometimes by section of the recurrent laryngeal nerves during 
operations foi; the removal of goitres, I addressed in 1884 a collec¬ 
tive question to several colleagues* as to the respiratory ph^iomena 
after sudden bilateral section, of paralysis of the recurrent laryngeal 
nerves, and of even unilateral paralysis in childj*en. The Mier 
question was inspired by the wish to learn whether, analogoms to the 
conditions observed in young animals, even a minor d^ree of diminu^ 
tion in the young human subject might lead to considerable respi¬ 
ratory disturbance, a very interesting case reported by Sommerbrodtf 
having shown that unilateral paralysis of an abductor muscle of the 
vocal cord (which in the adult so far as respiration is concerned is 
perfectly harml^s) suffices in a child of year to produce most 
grave dyspnoea necessitating tracheotomy. 

I regret to say that this question has not been prodnetiva of any 
satisfactory reply. 

In a paper published since by Jankowski, J some statements occur 
which are of interest in connexion with the subject of the p3?€®ent 
investigation, inasmuch as they refer to cases in which both recurrent 

* * Internationales Centralblatt fur Laryngologie,* &c., 1884, p. 40. 

t * Breslaner Aerztliche Zeitschriffe,’ No. 10,1881. 

$ “ Lshmnngen der KeHkopfmuskeln nach Eropfexstirpation ” (‘ Bentsclie 
Zeitschrifh f. Chirurgie,* vol 12). 

Ycn, xLvin* 2 o 
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laryngeal nerves appear to have been damaged dnring tbe operation 
SLnately, however, the reports are in part incomplete and 
moreover the^ alterations in the calibre of the trachea dne to the 
previous direct compression by the constricting goitre also app^r 
to have in many of them played a considerable part in the production 
of the respiratory phenomena observed after the operation. Thus 
these cases are by no means pure, and can hardly be made 
I decision of the question at issue. The most important of them 
perhaps is one reported by Eiedel * in which, either due to inunda- 
£1 of the wound with carbolic acid solution, or, as would seem more 
probable, to tearing of the recurrent lar^geals in the course of ^e 
operation, within two hours from its end dyspnoea developed. Still 
e£ in this case evidence is not pure, as one of the pneumogastnc 
nerves was simultaneously damaged, and the dyspncea may have been 

in part referable to this cause. i.- 1 . t a. 

Thus pathological observation on the human subject so offere a 
much less complete reply to the question concerning the effect 
of the reduction of the glottis to the cadaveric width than might 
iHi theoretically expected, and this point will certainly demand con- 

st'tbcu'tiioii* . _ • x 

All that can at present be fairly said, is that the evidence points m 
the direction that reduction of the glottis to the cadaverio sm 
involves, upon the commencement of any effort, however smaU, some 

alteration in the type of respiration. „ • j_- 

Although the e£noe concerning the effects upon the respiration 
in man 1 the interpolation of the phonatory apparatus leaves a good 
deal to be desired, as shown in the last two chapters, there can be no 
doubt, I think, that its whole tenour goes to show, 
be exnected from the anatomical facts above demonstrated, that this 

quie£spira£, and that for the fulfilment of the latter function it 
had to be counterbalanced or neutralised to a certam dep-ee. 

This neutralisation could evidently have breu effected in one of 
two forms, namely, either in the form of a rhythmn^l widening and 
cTosure of the glottis, such as commonly is supposed to ^ 

during tranquil respiration, or iu the form of a tome Matation of the 
glottis during both phases of quiet respiration 0“^“^ 
exniration), supplying the minimum of space compatible with the 
and that amount of air to the lower air p^saps 

w£ is required for the purposes of what we call normal quiet 

been shown in the preceding chapters that both these 
alternatives are actually met with in the quiet respira^tion of mep 
and it is hardly necessary to say that they do not in the least exclude 
* * Cenfcralblait £fir die m?d. Wiss./ 1882. 
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one another* On the contrary, the tonic opening of the glottis may 
and does at any moment under the influence of emotion, mechanical 
effort, will, reflex irritation, &c., give way to a rhythmical widening 
and narrowing of the glottis, and this again on return of normal 
conditions gives way to the tonic state of widening above described. 
There can, however, be no doubt that this tonic condition is, much 
more than rhythmic movements, representative of the participation 
of the larynx in quiet respiratiou of man. This has been amply 
demonstrated by the mutual proportions described in a previous 
paragraph. 

The question now arises: What does this tonic widening represent, 
and how is it produced ? 

It has already been mentioned that it may represent as well a state 
of tonic innervation of both the glottis openers and glottis closers, 
with preponderance of the former, or, secondly, a tonic innervation 
of the abductor muscles alone. 

The existence of the first-named condition has been very ingeniously 
argued for by Bosenbach in the paper referred to above. He writes 
as follows: “ The more complete and delicate the innervating 
mechanism and the acdve muscular apparatus are, the more exact 
must, no doubt, be the co-operation of the muscular groups in 
question. How, the action of the vocal cords during respiration and 
phonation requires an extraordinarily delicate mechanism, and the 
position of the arytenoid cartilages depends in a high degree on the 
co-operation of all muscles attached to them. Hay, disturbances 
would have to be registered far more frequently than is now the case, 
if an extensive vicarious action of healthy muscles were not possible, 
replacing those disabled from fulfilling. their functions. It is, 
therefore, probable that during the normal position of the vocal 
cords nervous impulses are constantly carried down to both addacfcors 
and abductors, but that the abductors, being the stronger muscles, 
preponderate, just as in other moscular territories even dnring 
quiescence the activity of the extensors preponderates. The stronger 
the inspiratory innervation is, the more will the glottis become 
opened, and the expiratory constriction, so trifling during quiet 
respiration, is very likely to be considered mostly as a remission of 
the innervation of the abductors, t.e., as a more passive occui*- 
rence.” 

Tn spite, however, of this clever advocacy of a preponderance of 
the abductors over the adductors, both being supposed to act 
simultaneously, the theory seems to me not tenable from whatever 
point of view it be examined. Anatomical, physiological, and patho¬ 
logical facts equally militate against it. 

In the first place, it is not easy to understand how the abductors, 
being in number and aggregate amount of muscular tissue inferior 



428 


Dr. F. Semon. On the Position of the 

to tlieir antagomists, could, anatomically considered, be tbe stronger 
©aes, as supposed in Rosenbacb’s Hypothesis. 

Secondly, the abductors and adductors of the vocal cords, though, 
in a certain sense, obviously antagonistic to each other (in that they 
serve the diametrically opposed functions of opening and closing the 
glottis), yet are not in the same sens© antagonists as the extensors 
and flexors of a limb. In the case of the latter, the different groups 
. of muscles presiding over the movements of the part serve purposes 
identical in nature and in physiological value; in the case of the 
laryngeal muscles, however, not only are the functions different in 
physiological importance, but certainly also to some degree quite 
independent of one another. Whilst it is undoubtedly true that no 
jihonatoiy effect can take place without respiratory movements at 
the same time coming into play—for phonation is a sort of modified 
.expiration —yet the reverse of this does not hold good, respiration 
being in no way necessarily connected with phonation. There is, 
therefore, no reason why, in the performance of a function which, is 
independent of that subserved by the antagonistic group of muscles, 
the latter ought to come constantly into play, 

Bosenbach’s comparison, therefore, of the laryngeal muscles with 
those of, the limbs cannot in this respect he admitted to be 
unreservedly applicable* 

Thirdly, if both groups of muscles, the abductors and adductors, 
were in reality constantly and simultaneonsly innervated during quiet 
respiration, aud if the abductoora merely predominated, one would 
naturally expect that, in eases of isolated paralysis of the glottis closers, 
such as in functional aphonia, the glottis should appear much wider 
in quiet respiration than when seen under ordinaiy circumstances. 
For, under such circumstances, the respiratory tonic innervation of 
the glottis openers would continue to the same degree, whilst the 
antagonistic innervation of the glottis closers, which, according to 
EiC^enbach’s theory, must previously have counterbalanced, to some 
extent, their abdncting force, was absent. Yet the glottis of per¬ 
sons suffering from bilateral pamlysis of the glottis closers during 
qniet respiration is not at all wider open than that of normal 
persons. This again speaks very forcibly against the hypothesis of 
a simnltaneous innervation of the adductors and abductors with 
preponderance of the latter. 

Fourthly, the fact independently demonstrated by Roseubacb him¬ 
self in the paper referred to and by me* in several publications, viz., 

* (a.) ** Clinical remarks on the proclivity of the abductor fibres of the recurrent 
laryngeal nerve to become affected sooner than the adductor fibres, or even exclu¬ 
sively, in cases of undoubted central or peripheral inpiiy or disease of the roots or 
trunks of the pneumogastnc, spinal accessory, or recurrent nerves ” Archives of 
Laryngology,’ vol, 2,1881, p. 203). 
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tliat %he aMuctors of tte Tocal cords are more easily disabled by any 
oi^anic mischief acting upon tbeir nerve supply than the addnctors, 
and that they die sooner after the death of the individual than the 
adductors,* can hardly be reconciled with the idea of a preponderance 
of their physiological strength over that of the adductors. 

Fifthly, the central conditions of the innervation of the two laryn¬ 
geal groups of muscles also tell, as I hope to show in a paper which I 
shall shortly bring before the Royal Society in conjunction with 
Professor Victor Horsley, against the physiological preponderance of 
the abductors over the adductors. 

Sixthly and lastly, the coup de grace is given to this idea by the 
fact that stimulation of the cut end of the recurrent laryngeal in most 
species of animals (except the cat) results—no undue influence of 
the ansBsthetic used during the experiment comes into playf—^in the 
corresponding vocal cord being drawn towards the middle line, t.e., 
the adductors preponderate over the abductors, though both groups of 
fibres are equally strongly stimulated. This fact, needless to say, is 
wholly incompatible with the idea of preponderance of the abductor 
over the adductor muscles. 

Thus from whatever point of view the question of the simultaneous 
innervation of the adductors and abductors, with preponderance of 
the latter during quiet respiration, be looked upon, there is no evi¬ 
dence for the existence of such a condition, and there are many 
arguments against it. 

It is, indeed, much more probable that there is primarily a strict 
differentiation between the two antagonistic groups of laryngeal 
muscles (the phonatory and respiratory ones) and that, though 
there is under certain circumstances a transition of the functions of 
the one into those of the other, yet for the purposes of respiration 
under ordinary circumstances the respiratory muscles, the poste¬ 
rior crico-arytenoid muscles, aZowe are engaged,bemg during inspiration 
and during expiration in a state of semi-tonus, in order to counter¬ 
balance tbe partial obstruction created by the interpolation of the 
phonatory into the respiratory apparatus. 

This idea, indeed, more or less clearly expressed, has been before 
the minds of a good many of those who since tbe beginning of this 
century have worked in this field of investigation. It has been 
shown above that Legallois was quite conscious of the necessity of 
such a tonus existing. Luschka, again (Zoo. cit), and Schech (loc. cit) 

(h.) “ XJeber die Lahmung der einzelnen Fasergattungen des Rervus larjngeus 
inferior (recurrens) ” (‘Beri. Klin. Woehensebriffc,’ 1883, Ko. 46, ef seq.), 

* “On an apparently peripheral and differential Action of Ether upon the 
Laryngeal Muscles.” By Felix Semon and Victor Horsley (‘British Medical 
Journal,* 4 and 11 Sept., 1886). 

t Compare the last-named paper by Semon and Horsley, p. 31. 
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speak very clearly of the necessity of the existence of a similar 
arrangement. The Ml physiological importance of it, however, 
appears to have only comparatively recently occurred to Krause and 
to myself, independently of one another, and to have been brought 
forward equally independently and simultaneously at the Inter¬ 
national Congress of 1884, as stated at the beginning of tliis 
paper. 

The existence of such a tonus fully explains the difference between 
the conditions of the glottis as seen during quiet respiration and after 
death, and explains also why the interposition of the phonatory 
apparatus in the air passages has not been followed by any change in 
the type of normal respiration in man. In virtue of their preventing 
such a change, i.e., of either increased labour on the part of the 
regular muscles of respiration or of the accessory muscles of r^pira- 
hion having to work constantly even during quiet respiration, the 
glottis openers, the posterior crico-arytenoid mnscles, appear to 
me to deserve wndovbtedly a much higher position in the mechanism of 
respiration than has hem so far accorded to them. 

The only remaining question then would be: is this tonns of the 
abductor muscle an automatic one ? is it induced in the respira¬ 
tory centre it^lf or is it of the nature of a reflex tonus, only 
engendered in the respiratory centre through peripheral influeaefes ? 

Athoiigh it hi® b^n shown by Bosenthal that the respiratory 
centre in the medulla oblongata, even after the section of both pneu- 
mogastric nerves, and after removal of the cerebrum as well as after 
section of the cervical part of the spinal cord, ^ capable of engender¬ 
ing rhythmic movements (so that its action in a certain sense must 
certainly be looked upon as an antomatic one), yet at the same time 
there can be no doubt as to the existence of afferent impulses com¬ 
municated to it along the most various peripheral nerves, and most 
of all along the main trunk of the pneumogasfcric. Whilst therefore, 
a priori^ it would not at all be impossible that the tonus of the 
abductors of the vocal cords might originate in the respiratory centre 
itself, it seemed, in concord with general experiences concerning the 
nervous mechanism of respiration, at least equally probable, that 
impulses might be conducted rhythmically along the afferent fibres of 
the pneumogastric nerves to the respiratory centre, and there be 
changed into a tonic semi-innervation of the posterior crico-arytenoid 
muscles, which again under the influence of any of the extraneous 
causes above mentioned could be changed into rhythmical impulses 
coincident with and renewed with every respiratory movement. 

It occurred to me that a more definite solution of this question 
might be hoped for, if it were possible to cut both pneumogastric 
nerves below the points from which the recurrent laryngeal nerves 
are given off. One could not hope that this experiment would defi- 
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nitelj settle the question, because in animals, especially under the 
influence o! anaesthetics, only rarely is a condition observed during 
respiration analogous to that seen in quiet respii’ation in man, tbeir 
vocal cords, on the contrary, making very energetic rhythmical ex¬ 
cursions. Still, it seemed legitimate to submit this question to 
experimental proof, because, even with these respiratory excursions, 
it was to be expected that if respiratory influences governing the 
action of the glottis-openers reached the respiratory centres along 
the trunks of the pneumogastric nerves, the excursions of the vocal 
cords after section of the latter would very much diminish in in-- 
tensity^ and, if they were exclusively conducted along these paths, that 
after section of the pneumogastrics below the points of departure of 
the recnrrents, the glottis would not open any farther than to the 
cadaveric position. 

Professor Victor Horsley was kind enough to submit these 
theoretical considerations to experimental proof. On April 17, 1890, 
he, in the presence of Mr. Embleton and of myself, performed the 
following experiment: A small adnlt female fox terrier was etherised 
and tracheotomised; the narcosis was afterwards kept up with 
chloroform. First the right, afterwards the left, vagus was laid bare, 
and both nerves were cut about 1 centimetre below the points where 
the right recurrent laryngeal winds round the subclavian artery and 
the left round the aorta. As soon as the pleura was opened in order 
to get at the left vagus, artificial respiration was started and main¬ 
tained until the end of the experiment* 

Whilst previous to the cutting of the right vagus (and also after 
the division) the thorax as well as the vocal cords made very exienswe 
and energetic rhythmical respiratory excursions (the glottis during 
inspiration being opened to its fullest extent), the respiratory excur¬ 
sions of the cords were, after section of the second vagus (the left), 
equally energetic but much less extensive, the glottis during respira,- 
tion opening only to the cadaveric position. 

The was killed by asphyxia; during its final forcible respi¬ 

ratory efiorts the glottis again opened, during inspiration, to its fullest 
extent. 

Dissection after death showed that both recurrent nerves were 
quite uninjured. 

This experiment certainly went far to prove that respiratory 
impulses influencing the action of the posterior crico-arytenoid muscles 
reached the respiratory centre, and, more precisely speaking, the gan¬ 
glionic centres of these abductor muscles, through the medium of the 
pneumogastric nerves. At the same time the full dilatation of the 
glottis during the asphytic stage of the animal, seemed to point out 
that the impulses thus engendered cannot be the only ones reaching 
these ganglionic centres, and that the respiratory centre, so far as the 



4B2 Dr. F. Semon. On the Position of the 

larynx is concerned, may also be inflaenced tln*ougli other afferent 
impnlses. 

To settle this point, if possible, more definitely, the experiment was 
repeated on Afay 8,1890. A small castrated fox tender was etherised 
and tracheotomised. Karcosis was afterwards kept up by‘ether. 

The right vagus was laid bare below the line of departure of the 
right recurrent laryngeal nerve. Both, cords made very energetic 
and extensive rhythmical respiratory excursions. The right vagus 
was cut more than 1 cm. below the point of departure of the right 
recuiTent laryngeal nerve. Both cords continued their excursions as 
if nothing had happened. 

A subcutaneous injection of 5 grains of acetate of morphia was now 
made into the dog’s thigh, the left vagus was then exposed, artificial 
respiration being started as soon as the pleura was opened previous 
to the section of the left vagus. It was again ascertained that the 
glottis stiU. opened at maximum during inspiration. The left vagus 
was then cut about 1 cm. below the arch of the aorta, and it was now 
observed that, together with very considerable slowing of the two 
phases of respiration, the glottis, though it still opened widely, and 
certainly much beyond the cadaverie position, yet no longer opened 
nea/rly as widely as before, when the vocal cords during inspiration 
'actually completely disappeared from view. 

A very remarkable phenomenon was observed in connexion with 
the artificial respiration. Whenever the dog’s lungs were weU aerated, 
the excursions of the cords, though good, corresponded to the descrip¬ 
tion given above of the conditions as occurring after section of the 
. vagi, but as soon as asphyxia became threatening the glottis at once 
opened, as previously to the section, ad maximum. 

The dog was killed by asphyxia. Post-mortem examination showed 
that both vagi had been cut very considerably below the points 
where the recnrrents were given off, and that the latter were quite 
uninjured. 

This experiment, then, in every respect tends to corroborate the 
conclusions drawn from the former, t.e., that whilst the inspiratory 
impulses which act upon the ganglionic centres of the abductor 
muscles and which in animals more frequently induce rhythmical 
excai*sions of the vocal cords, but in man tonic semi-dilatation of the 
glottis, are of a reflex character, and are mainly conducted along the 
pnenmogastric nerves, yet the latter are by no means the only soui*ce 
of this refiex innervation. 

The question raised in the foregoing paragraphs will certainly 
demand still further elucidation, and the results arrived at in this 
paper will no doubt have to be checked by future observers. Still I 
think that, as the outcome of the investigation, so far as it has been 
conducted, the following conclusions may be drawn;— 
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Fiirst, tlie glottis in roan is widesr open during qtiiet respiration 
(inspiration and expiration) than after death or after division of the 
vagi or recnrrent laryngeal nerves. 

S^5ond, this wider opening during life is the result of a permanent 
activity (tonns) of the abductors of the vocal cords (posterior crico¬ 
arytenoid muscles) which, therefore, belong not merely to the class 
of accessory, but of regular,'respiratory muscles. 

Thirdly, the activity of these muscles is due to tonic impulses 
which their ganglionic centres receive from the neighbouring respira¬ 
tory centre in the medulla oblongata. It is very probable that these 
impulses rhythmically proceed to the respiratory centre from the 
stimulation of certain afferent fibres contained mainly, but not 
exclusively, in the trunks of the pneumogastric nerves, and that they 
are in the respiratory centre changed into tonic impulses. The 
regular activity of the abductors of the vocal cords during life, there¬ 
fore, belongs to the class of refiex processes. The permanent Indf- 
contraction of these muscles, in which form their tonic innervation is 
manifested, can be further increased, in concord with the general 
laws of the mechanism of respiration, by either volition or other refiex 
influences. 

fourthly, in spite of their extra innervation, the abductors of the 
vocal cords are physiologically weaker than their antagonists. 

Fifthly, these antagonists, the adductors of the vocal cords, have 
primarily nothing at all to do with respiration and ordinarily serve 
the function of phonation only. Their respiratory functions are 
limited to 

(a.) Assistance in the protection of the lower air passages against 
the entry of foreign bodies; 

(2?.) Assistance in the modified and casual forms of expiration 
known as cough and laughing. 
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Novemher 20, 1890. 

Sir G. GABErlEL STOKIBS, Bart., President, in the Chair. 

In pursuance of the Statutes, notice of the ensuing Anniversary 
Meeting was given from the Chair. 

Sir James Cookie, Mr. A. A. Common, Professor G. Carey Poster 
the Bev. Professor Price, and Dr. Bae were by baUot elected Auditors 
of the Treasurer’s accounts on the part of the Society. 

The Presents received were laid on the table, and thanks ordered 
for them. 


The following Papers were read:— 


I. “On tlie Determination of the Specific Resistance of Mercury 
m Absolute Measure.” By J. V. Jams, Principal and 
ftofessor of Physics in the Unirersity CoHege of South 
Wales and Monmouthshire, Cardiff. Communicated by 
Professor Clifton, F.R.S. Receiyed August 8,1890 


. . (Abstract.) 

In the hope of pavmg the way for a more accurate determination 
of the ohm, the author has for a considerable time been engaged in 
snbmttmg to the test of experiment certain, modifications of the 
method of Lorenz which occurred to him as Hkely to lead to increased 
^uracy and certainty. The experiments have been made in the 
laboratory of the University CoUege, Cardiff, with apparatus for the 
inost part constructed in the College workshop. Five complete sets of 
obse^afaons were ^en in the spring of this year, with the foUowing 
results lor the specific resistance of mercury at 0° C.:_ 


(i.) 94,103 absolute 
(ii.) 94,074 „ 

(iii.) 94,093 „ 

(iv.) 94,045 
(v.) 94,021 „ 


C.G.S. units. 

59 99 

J’ 95 

9 9 
59 


Mean.. 94,067 ± 10 (probable error). 

The result may be otlierwise expressed by saying that the ohm is 
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equal to the re^tan(^ of a column of mercmy of 1 square mm. sectional 
area and 106’307 cm. long, the probable error being +0*012. 

The author does not bring these numbers forward as the best deter¬ 
mination possible by the method he has used. He is of opinion that 
if the apparatus be constructed on a scale a little larger and with a 
certain perfecting of detail, a single set of observations will give a 
result accurate to one ptrt in 10,0CK), and that as a mean of a number 
of observations we may perhaps aim at the hundred-thousandth if 
r^ard is paid to the maintenance of definite temperatures in all parts 
of the apparatus, and if we can be said to know our length-standards 
to this degree of accuracy. 

The observations were made by the method of Lorenz directly on 
mercury. The chief variations in the method introduced in the 
present investigation are as follows:— 

(i) The elimination by a system of differential measurements of the 
errors that have so far attended the use of a mercury column 
as the measured resistance. 

Lorenz himself took for his measured resistance the resistance of a 
mercury column contained in a glass tube, and the specific resistance 
was calculated from the dimensions of the column. It is hardly possible, 
however, that the latter calculation can have been, or is likely to be, 
achieved with accuracy, however accurately the tube be calibrated. 
For, on the one hand, if the wires from the disc (the terminal 
portions of which may be called the electrodes) are led to the ends of 
the tube, the equi-potential surfaces touched by them are not plane ; 
and, on the other, if they are let into the tube at some distance from 
the ends, it is difficult to see how the distance between them is to be 
measured with the requisite accuracy. 

These difficulties disappear if, instead of placing the mercury in a 
tube, it is placed in a long trough, and if, instead of measuring the 
distance between two electrodes, one electrode is kept fixed while 
measurement is made of the distance moved through by the other 
between two equilibrium positions corresponding to two different 
rates of rotation of the disc. The latter measurement it is easy to 
make with accuracy, for the movable electrode may be rigidly 
attached to the movable beadstock of a Whitworth measuring machine 
or some other measuring bank placed parallel to the length of the 
trough; and the two equilibrium positions may be taken near the 
middle of the trough so as to avoid danger of curvature in the equi- 
potential surfaces passing through the electrode in its two positions. 

Let ng he the rates of rotation of the disc, and let I be the 
distance between the corresponding equilibrium positions of the 
movable electrode. 


2 H 2 
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Specific Resistance of Mercury. 

Then M (wi—%) = !;/>, 

where M = the coefficient of mntaal induetion of coil and 

disc; 

p = the specific resistance of mercnry; 

A = area of section of the mercury column. 

The capillary depression at the sides of the trough would make it 
a serious task to determine the section of the mercury column 
hy direct measurement to the required degree of accuracy. This 
difficulty is overcome by a further differential method, viz., by making 
ohservations with the mercury at two different heights in the trough. 

Let h = the breadth of the trough; 

= the difference of height of the mercury surface in the 
two cases; and let 

A = the section of the mercury column when the mercury is 
at the lower position. 

Then we have, denoting by dashed letters the new values of the 
rates of rotation and the distance between the corresponding equi¬ 
librium positions— 

^ ””' 2 ) = A+6(A2-ii)’ 

whence, eliminating A, 

m (K-lif) 

_ l_' 

It is assumed in the above formula that the sides of the trough in 
that part of it traversed by the movable electrode are plane, parallel, 
and vertical. 

The trough used in the experiments described was cut in paraffin 
wax, contained in a strong casting of iron, with its sides strengthened 
by outside ribs. The channel is approximately 43‘5 inches long by 
1*5 inches broad by 3 inches deep. It was first cut by a cutter 
3 ?otating about 2000 times a minute, attached to the slide rest of the 
College Whitworth lathe, and subsequently finished by a scraper, 
attached in similar fashion, which took a very thin cut off sides and 
bottom. The result of the scraping was a very smooth and highly- 
finished surface. 
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(ii) The use of a standard coil with a single layer of wire, the 
coefficient of mutual induction of the coil and circumference of 
the disc Tbeiug calculated by a formula obtained by the direct 
int^ration of the expression 


T 

for a circle and coaxial helix. 

(iii) The use of a new form of contact brush at the disc circum¬ 
ference, which procures greatly increased steadiness in the 
galvanometer needle. 

The brush consists of a single wire of phosphor bronze, perforated 
by a channel through which a continuous flow of mercury is 
maintained from a cistern of adjustable height. 

Incidentally, a description is given of an accurate method of measur¬ 
ing the vibration frequency of a standard tuning-fork by means of a 
Bain’s electrochemical telegraph receiver. 

In conclusion, suggestions are made towards a new determination 
of the ohm that shall be final for the practical purposes of the 
electrical engineer. 



II. ^‘The Spectroscopic Properties of Dust.” By Gr. D. 
Liveing, M.A., F.R.S., Professor of Chemistry, and J. 
Dewar, M.A., F.R.S., Jacksonian Professor, UniTersity of 
Cambridge. Received August 16, 1890. 

The suggestion that the auroral spectrum, the principal ray in the 
spectrum of nebuhe, and other rays of unknown origin, might be due 
to meteoric dust induced us to iuv^tigate the problem whether solid 
particles of sufficient minuteness would act like gaseous molecules in 
an electric discharge and become luminous with their characteristic 
special radiation. The dust we employed was that thrown off from 
the surface of various electrodes by a disruptive discharge, and it 
was carried forward into the tube of observation by a more or less 
rapid current of air or other gas. The arrangement will be best 
understood from the annexed diagram, which represents a section of 
the glass vessel which was the principal part of the apparatus. A 
represente a bulb in which were the electrodes a, a to give the dust, 
connected by a widish tube d with the tube for observation R. The 
end Jf was blown clear, so that the narrow part of B could be ob¬ 
served end-on. The electrodes e, e were of platinum. The tube g, 
passing from A to the supply of gas, was fitted with a glass stopcock 
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0 for regulating tlie intaJsre, andthe tube h led from tbe distant end of 
B to tbe air-pump. Tbe am-pump was a large one worked by a gas- 
engine capable of keeping tbe pressure down to a few millimetres, 
even witb a considerable leakage.' Observations were made of tbe 
discharge in B at various low pressures, sometimes witb, and at other 
times without, a Leyden jar in circuit. Tbe sparks in A were gener¬ 
ally taken witb a jar, and there was ample proof, if proof were 
needed, of tbe dust derived from tbe electrodes, since it formed a 
visible deposit in tbe tube d, in tbe first bulb of B, and even on tbe 
end B, Tbe air or other gas passed into A was filtered through 
cotton-wool to remove all dust before admission to tbe apparatus. 

Yarious metals were used as electrodes in J., magnesium, iron, 
manganese, cadmium, fused calcium chloride, metallic sodium in a 
little gla^ cup on a platinum wire, and fragments of tbe Dhurmsala 
meteorite; but in no case could tbe rays of any of tbe substances 
employed be seen in tbe discharge through B, either when a Leyden 
jar was in circuit or not. 

Incidentally, we found that magnesium electrodes were not so good 
as some of tbe other metals for these experiments, because tbe appa¬ 
ratus was never wholly free from traces of air, and lines or bright 
edges of bands of nitrogen fall very near the most characteristic lines 
of magnesium, and witb small dispersion might easily be mistaken 
for them. 

Air, hydrogen, carbon dioxide, and oxygen, were successively used 
as the gases passing through the apparatus, and at various pressures 
from 2 mm. up to 20, and, in some cases, up to 40 mm., but witb the 
same result; no rays, due to tbe electrodes in could be detected in 
B. Even when one of tbe electrodes in A was sodium, and tbe 
sodium rays, orange, yellow, citron, green, and blue, were brilliant in 
the spectrum of 4, not even tbe D lines could be detected in B. We 
should have expected that some traces of sodium in the state of vapour 
would have been carried by tbe stream of hydrogen into B; bnt it 
seems that it was not so; nor could tbe apparent absence of rays 
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due to tlie dust, be ascribed to mere famtness in tbeir light, for we 
took photographs of the spectrum of JB, and found that even length¬ 
ened exposures produced no evidence of rays due to the dust; nor 
could it be ascribed to the character of the discharge in for the 
discharge wets varied; sometimes A and B were in the same circuit; 
sometimes the discharge in B was from a separate coil, and even the 
powerful discharge from a large coil stimulated by a De Meritens’ 
magneto-electric machine, was tried. 

That abundance of dust was formed by the sparking in A was 
proved not only by the deposit in the tube, but by allowing the 
stream of gas at atmospheric pressure from the tube h (of course 
disconnected from the pump) to impinge on a flame, when the charac¬ 
teristic flame-spectrum of the electrodes in A was at once manifest. 
When the gas used was hydrogen, and it was burnt in oxygen, the 
spectrum of the electrodes was particularly well seen; also when 
the gas was oxygen and led into a hydrogen flame. 

That the dust was of extreme fineness and capable of being carried 
by a stream of gas to a great distance was proved as follows:—A 
stream of hydrogen, at ordinary pressure, was passed through the 
sparking tube with magnesium electrodes, and then through more 
than 100 feet of metal tube in a coil, and, finally, burnt as it issued. 
Before the sparking began there were no signs of magnesium in the 
flame; but when sparks had been passing between the magnesium 
electrodes for a short time, the magnesium spectrum was seen in the 
flame. It took 55 seconds for the gas to carry the dust through the 
long pipe, and when the sparking ceased it was again about the same 
time before the magnesium disappeared from the flame. It always 
appeared and disappeared sharply in correspondence with the spark¬ 
ing. Similar experiments, but with a shorter tube, were made with 
other metals, iron, sodium, lithium, d;c., always with like results; 
also a current of oxygen was passed through the sparking tube and 
into a flame of hydrogen, and produced similar effects. Even alu¬ 
minium, which does not usually show any part of its spectrum when 
used as an electrode in a vacuous tube, gave, when sparked in oxygen, 
dust which, when carried into a hydrogen flame, showed the charac¬ 
teristic bands of alumina. 

Considering that a sensible amount of dust was deposited in the 
bulbs of B, we should have expected that some would be deposited on 
the electrodes e, e in that tube, and that the discharge from electrodes 
so coated would give the spectrum of the metal on their surface. 
There is no doubt that when no discharge was taking place in B the 
electrodes e, e did receive their share of dust; and, if it had been 
allowed to accumulate so as to form a coherent crust, it would have 
given its characteristic spectrum on first passing sparks in B, But, 
so long as the dust is loose, the passage of a discharge instantly clears 
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tlie electrodes of all dust, and seems to dispel all dust from the gas 
through which the discharge occurs. It is well known that an 
electric discharge in a vessel of air has the effect of clearing out of the 
air all the particles that serve as nuclei for the condensation of water; 
and we made several experiments with a view to determine whether a 
similar effect was produced on the dust in our tubes. The gas from 
the sparking tube was carried through a glass globe, and so on to the 
jet where it was burned; a wire connected with one pole of a Yoss or 
Wimshurst electric machine projected into the interior of the globe, 
and a patch of tinfoil on the outside of the globe was connected with 
the other pole of the electric machine. So long as the Yoss machine 
was not worked, the gas carried the dust from the sparking tube 
through the globe, and it was seen in the spectrum of the flame, or 
simply in the colour of the flame when lithium was one of the elec¬ 
trodes ; but, on working the machine so as to produce a silent dis¬ 
charge inside the globe, the flame, in one or two seconds, suddenly 
ceased to show the spectrum of the dust, and in the case of the 
lithium lost its red colour. When the machine was no longer worked, 
the spectrum or colour speedily reappeared, to vanish again suddenly 
when the machine was started afresh. When a narrow tube, with a 
piece of tinfoil outside and a wire inside, was substituted for the 
globe, the like results ensued. 

It appears, then, not only that dust, however fine, suspended in a 
gas will not act like gaseous matter in becoming luminous with its 
characteristic spectrum in an electric discharge, but that it is 
driven with extraordinary rapidity out of the course of the discharge. 
If, then, the spectrum of the aurora be due, not to the ordinary con¬ 
stituents of our atmosphere, but to adventitious matter fipom planetary 
space, we conclude that such matter must be in, or must be brought 
into, the gaseous state, or at least have its properties entirely altered 
from those it possesses at ordinary temperatures, before it becomes 
luminous in the electric discharge. 


in. ‘‘On the Specific Heats of Gases at Constant Yolttme. 
Part L Air, Carbon Dioxide, and Hydrogen.” By J. Joly, 
M.A., B.E., Assistant to the Professor of Civil Engineering, 
Trinity College, Dublin. Communicated by Professor 
FiTZGjBiRALD, M.A., F.R.S., F.T.C.D. Received September 2, 
1890. 

(Abstract.) 

In tbis^ first notice the specific heats, at constant volumes, of air, 
carbon dioxide, and hydrogen are treated over pressures ranging 
from 7 to 25 atmospheres. The range of temperature is not sensibly 
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varied. It is fonnd tliat the specific heats of these gases are not 
constant, but are variable with the density. In the case of air the 
departure from constancy is small and positive; that is, the specific 
heat increases with increase of the density. The experiments afford 
directly the mean valne 0*1721 for the specific heat of air at the 
absolnte density of 0*0205, corresponding to the pressnre of 19*51 
atmospheres. A formula based on the variation of the specific heat 
with density observed in the experiments ascribes the value 0*1715 
for the specific heat at the pressnre of one atmosphere. The formula 
assumes the specific heat to be a Hnear function of the density, which 
must as yet be regarded only as an approximation, the exact nature 
of the relation being concealed by variations among the experimeni^. 

These results appear to be in harmony with the experiments of 
Wiedemann on the specific heat at constant pressure, and of Eowland 
on the mechanical equivalent of heat, from which the value 0*1712 is 
deduced for 0® at 760 •m-m. 

The experiments on carbon dioxide reveal a more rapid variation of 
the specific heat with density, the variation in this ease being again 
positive in sign. The formula 

0« = /iX 0*2064+0*16577 

appears with considerable reliability to express tbe relation between 
specific heat and density. 

The relation between specific heat and density in the case of 
hydrogen is of a negative character; that is, the specific heat 
diminishes with increase of density. The experiments are chiefly 
directed to elucidate this point, for, owing to the difficulty of pre¬ 
paring pure hydrogen, it was found that variations in the quantita¬ 
tive results of experiments on different samples of the gas were 
unavoidable. Accordingly the experiments were directed to a com¬ 
parison of the specific heats of like samples of the gas at different 
densities. The variation with density is small, but (with one excep¬ 
tion) all experiments on the purer hydrogen ascribe a negative 
character to it. 

The nature of these variations of specific heat with change of 
density is, in the case of the three gases, in accord with their beha¬ 
viour as regards Boyle’s law, within the limits of pressure. 

The experiments were effected in the steam calorimeter, a differential 
method being used in which an empty or idle vessel is thermally com¬ 
pared with the vessel holding the gas at high pressure. The vessels 
possessing approximately the same calorific capacity, the result, 
theoretically, is as if the gas was dealt with isolated from any con¬ 
taining vessel. Although practically this is not attained, many sources 
of error are eliminated by the procedure adopted. 
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lY. « Magnetism and Eecalescence.’" Bj; J. HoPKiNSON, D.Sc., 
F,R.S. Received October 9, 1890. 

In my experiments the results of which are published, ‘Phil. 
Tians./1889, A, p. 448,1 showed that recalescence and the disappear¬ 
ance of magnetisability in iron and steel occurred at about the same 
temperature. The evidence I then gave was sufficiently satisfactory, 
but did not amount to absolute proof of the identity of the tempera¬ 
tures. Osmond has shown that the temperature of recalescence 
depends upon the temperature to which the iron has been heated, also 
that it differs when the iron is heated and when it is cooled. He 
showed that for some sorts of steel the heat is liberated at more 
one temperature, notably that in steel with O’29 per cent, of 
carbon heat is liberated when cooling at 720® C. and at 660® C., and 
with steel with 0*32 per cent, carbon there is a considerable 
liberation of heat before the temperature is reached when this 
becomes a maximum. It appeared to be desirable to obtain absolute 
proof that the change of magnetic property occurred exactly when 
heat was liberated and absorbed, and to examine, magnetically, 
Osmond’s two temperatures of heat liberation. I have not been able 
to obtain samples of steel of the size I used, showing two well marked 
temperatures of heat liberation and absorption, but I have a ring in 
which there is liberation of heat extending over a considerable range 
of temperature. 

The samples had the form of rings of the size and shape indicated 
in hg. 1. A copper wire was well insulated with asbestos and laid 
in the groove running round the ring, and was covered with several 
layers of asbestos paper laid in the groove. This coil was nsed for 
measuring temperature by its resistance. The whole ring was served 
over with asbestos paper and with sheets of mica. The secondary 
exploring cod was then wonnd on, next a serving of asbestos paper 
and mica, and then the primary coil, and, lastly, a good serving of 
asbestos paper was laid over ail. In this way good insulation of the 
secondary coil was secured, and a reasonable certainty that the tem- 
peratui’e coil took the precise temperature of fche ring, and that at 
any time the ring was throughout at one and the same temperature. 
The whole was placed in an iron pot, and this again in a Fletcher gas 
furnace. Observations were made of temperature as the furnace was 
heating, and from time to time of induction. In each case the time 
of observation was noted. Similar observations were made as the 
ring cooled, the furnace being simply extinguished. We are thus 
enabled tf> compare directly at the same instant the condition of the 
same ring as regards magnetism and as regards temperature, and, 
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therefore, qualitatively as regards its absorption or liberation of 
heat. 

In fig. 2 are the results for a ring containing 0*3 per cent, of carbon 
or thereabouts. In this case only a cooling curve was taken. It will 
be observed that there is a considerable liberation of heat, beginning 
at 2 h. 12 m., temperature 715® 0., and continuing to time 2 h. 22 m., 
temperature 660® 0., being apparently somewhat slower at the end. 
This may, however, be only apparently slower, as the furnace tem¬ 
perature would fall lower in relation to the ring. At time 2 h. 22 m., 
temperature 660° G., the rate of liberation becomes much more rapid, 
so much so that the temperature for a time remains abnost stationary. 
At time 2 h. 29 m. the liberation of heat appears to have ceased and 
the normal cooling to continue. Now, comparing the kicks of the 
galvanometer, which are proportional to the induction, we observe 
that the ring begins to be magnetisable at time 2 h. 12 m., its 
magnetic property increases till time 2 h. 22 m.; after this point the 
magnetisability increases much more rapidly, and is practically 
fully developed at 2 h. 31 m. In this case the development of 
magnetic property follows precisely the liberation of heat, 
observed both at the temperature of about 700® 0. and at 660® 0. 
We may, therefore, be certain, that both at the higher and lower 
temperatures of recalescence there is magnetic change, and that the 
one is as much dependent on the other as the solid condition of ice is 
upon the liberation of heat when water solidifies. The two changes 
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oeenr, not only at tlie same tempemtnre, but simultaneously. A con¬ 
siderable magnetising force, 6*56, was taken, as it was expected and 
found that tbe magnetic property would then be more apparent when 
it wa^ in tbe intermediate condition between tbe two temperatures of 
recalesoence. 

in fig. 3 are tbe results of a ring containing 0*9 per cent, of carbon. 
In this case we have a curve of beating and of cooling with magnetic 
property for comparison, and also a second cooling curve to show tbe 
recaleecence temperature wben tbe beating bad been bigber. Unfor- 
tuBg^ly I bad forgotten to record tbe magnetising force; it was, 
bowever^ mucb less tbau in tbe last case, probably less than unity. 
Looking at tbe curve, we see that there is a slight absorption of beat 
at fcne 11 b. 17 m., temperature 710® 0. with doubtful effect on tbe 
nmgnetism. At time 11 b- 27 m,, temperature 770® 0., powerful absorp- 
of b^ b^ins and continues to time 11 b. 55 m., temperature 
0^; it is between these times tbat tbe magnetisability is de- 
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creasing, and at the latter time that it finally disappears. The heat¬ 
ing was continned to about 840° C., and the flame was then put out. 
In cooling, heat is liberated at one point only, and in this case with 
a distinct rise of temperatnre. The recalescence begins at time S h. 
47 m., temperatnre 750® 0., and it is precisely at this time that the 
ring begins to be ma^etisable. The recalescence continues to time 
4 h. 8 m., and at this time, and not before it, the magnetisability 
practically attains a naaximum. Before the last portion of the curve 
the ring was heated to 966® C. Here no observations were made 
magnetically. This part of the curve, therefore, only shows the effect 
cf higher heating in lowering the temperature of recalescence^ 

These experiments show that the liberation and absorption of heat, 
known as rec^l^cence, and the change in magnetic condition, occur 
simultaneously. Also that in the case of steel with O’S per cent, of 
caribou both temperatures of liberation of h^t are associated with 
change of magnetic condition. 


Fresmis, November 20, 1890, 

Transaetiom 

BaMna^ie ^ol^ Hopkins Uniyersity. Circulars. Yol. IX. 
KbfiL §1-^^ 4|i€^ BalUmore 1890; The Negro in Ma;^land. 
By B; Bracked 8vo. BaUimore 1889. The Hniy^ity. 
Bes^n:—Deutsche Chemische Cresellsohaft, Bmchte. Jahrg. 
XXin.. Nos. 1—9: Sy&l S^tm 1890^ Yerzmchnii^ Mit- 
glleder, Januar, 1^0^. 8yo. BerK». The Society. 

Gesellschaft fQjr Erdkunde. Yerhandiungen. Bd. XVH. Nos. 
4-7. 8vo. BerKn 1890; 2ieitsehrift. Bd. XXY. Heft 3-4. 
8yo. Berlin 1890. The Society. 

K. Preuss, Akademie der Wissenschaften. Abhaudluugen. 1889. 
4to. Berlin 1890. The Academy. 

Bremen:—^Naturwissenschaftlicher Yerein. Abhandlungen. Bd. 

XI. Heft 1—2. 8vo. Bremen 1890. The Yerein. 

Brussels:—^Acad5mie Boyale de Medecine de Belgique. M5moires 
Couronn4s et autres Memoires. Tome IX. Pasc. 3. Tome X. 
Paso. 2-3. 8vo. Bruxelles 1890. The Academy. 

Calcutta:—^Asiatic Society of Bengal. Journal (Nat. Hist.). 
Yol. LYII, Part 2. No. 5. 8vo. Gahutta 1890; Yol. 
LIX. Part 2. No. 1, with Supplement. 8yo. Oalcutta 
1890; Journal (Philology). Yol. LYHL Part 1. Sup¬ 
plement. 8vo. CaUcutia 1890; Yol. LIX. Part 1. Nos. 1-2. 
8vo. Oalmtta 1890; Proceedings. 1890. Nos. 1-3. 8vo. 

The Society. 

Indian Mnsenni. Notes on Indian Economic Entomology. Yol. 
T. No. 4. 8yo« GalcuUa 1890. The Museum. 
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Cambridge, Mass.:—American Association for tlie Advancement 
of Science. Proceedings. 1889. 8vo. Salem 1890. 

Tlie Association. 

Harvard College. Mnsenm of Comparative Zoology. Bulletin. 
Yol. XYI. Fos. 8-9. Yol. XTX. Fo. 4. Yol. XX. Fos. 
1-2. 8 VO. Cambridge 1890; Memoirs. Yol. XYI. Fo. 8. 

4to. Ccmhidge 1889. Tlie Mnsenm. 

Canada:—Royal Society. Proceedings and Transactions. 1889. 

4to. Montreal 1890. The Society. 

Dublin:—Royal Dublin Socieiy. Scientific Proceedings. Yol. YI. 
Parts 7-9. 8vo. Dublin 1889-90. The Society. 

Royal Irish Academy. Proceedings. Ser. 8. Yol. I. Fo. 3. 

8vo. DMin 1890. The Academy. 

Royal Society of Antiquaries of Ireland. Journal of the 
Proceedings. Ser. 5. Yol. I. Fo. 2. 8vo. Dublin 1890. 

The Society. 

Edinburgh:—^Royal Society. Proceedings. Yol. XYI (pp. 885- 
846). 8vo. [Ddinburgb 1890]; Transactions. Yol. XXXY. 
Parts 2-4. 4to. [Ddmburgli\ 1890 The Society, 

Liverpool:—Geological Society. Proceedings. Yol. YI. Part 2. 

8vo. Liverpool 1890. The Society. 

London:—^Aristotelian Society. Proceedings. Yol. I. Fo. 8. 
Part 2. 8vo. London [1890]. The Society. 

British Museum:—General Catalogue of Printed Books. A-Lau, 
&c. 4to. London 1882-90; Catalogue of the Cuneiform 
Tablets in the Kouyunjik Collection. Yol. I. 8vo. London 

1889; Catalogue of Oriental Coins. Yol. IX. 8vo. London 

1889. The Trustees. 
British Museum (Fatui*al History) :—An Introduction to the 

Study of Minerals. 8vo. London 1888; An Introduction to 
the Study of Meteorites; 8vo. London 1890. 

The Trustees. 

Clinical Society. Transactions. Yol. XXIII. 8vo. London 

1890. The Society. 

East India Association. Journal. Yol. XXII. Fos. 8-5. 8vo. 

London 1890. The Association. 

Entomological Society. Transactions. 1890. Parts 2-3. 8vo. 

London, The Society. 

Geological Society. List of Fellows, 1890. 8vo. [London’], 

The Society. 

Institution of Civil Engineers. Minutes of Proceedings. Yols. 

C-CII. 8vo. London 1890. The Institution. 

Institution of Mechanical Engineers. Proceedings. 1890. 

Fos. 1-2. 8vo. London. The Institution. 
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Institution of Naval ArcHtects. Transactions. Yol. XXXI. 

4to. London 1890. The Institution. 

Iron and Steel Institute. Journal. 1890. No. 1. 8vo. London, 

The Institute. 

Laboratory Club. Transactions. Yol. III. Nos. 6-7. 8vo. 

London 1890. The Club. 

Mineralogical Society. Mineralogical Magazine and Journal. 

Yol. IX. No. 42. 8vo. London 1890. The Society. 

Photographic Society of Great Britain. Journal and Transac¬ 
tions. Yol. XIY. No. 9. 8vo. London^ 1890. The Society. 
Eoyal Astronomical Society. Memoirs. Yol. XLIX. Part 2. 

4to. London 1890. The Society. 

Royal College of Surgeons. Calendar 1890. 8vo. London, 

The College. 

Society of Antiquaries. Proceedings. Yol. XIII. No. 1, 8vo. 

London 1890. The Society. 

Society of Biblical Archaeology, Proceedings. Yol. XII. 
Part 8. 8vo. London 1890, The Societ}^ 

Naples:—Society di Naturalisti. Bollettino. Ser. 1. Yol. III. 
Pasc. 2. Yol. lY. Pasc. 2. 8vo. Na^poU 1889-90. 

The Society. 

Societa Italiana delle Scienze. Memorie. Ser. 3. Tomo YII. 
4to. Napoli 1890. The Society. 

Newcastle-upon-Tyne:—^North of England Institute of Mining 
and Mechanical Engineers. Report of the Prench Com¬ 
mission on the Use of Explosives in Mines. 8yo. Newcastle 
1890. The Institute. 

Paris:—^filcole Normale Superieure. Annales. 1890. Nos. 4-10. 
4to. Pam. * The School. 

Soci6te Fran^aise de Physique. Seances. 1889, Decembre. 

1890, Janvier—^Avril. 8vo. Paris, The Society. 

Societe Philomathique. Bulletin. Ser. 8. Tome II. No. 1. 
8vo. Paris 1890. The Society. 

Philadelphia:—Academy of Natural Sciences. Proceedings. 
1890. Part I. 8vo. Philadelphia. The Academy. 

Ameiican Philosophical Society. Proceedings. Yol. XXYII. 
131. Yol. XXYIII. No. 132-133. 8vo. Philadelphia 
1889-90; Transactions. Yol. XYI. Part 3. 4to. Phil¬ 
adelphia 1890. The Society. 

Wagner Free Institute of Science. Transactions. Yol. III. 8vo. 
Philadelphia 1890. The Institute. 

Pisa:—Society Toscana di Scienze Naturali. Process! Yerbali. 

Yol. YII. 8vo. [Pwa] 1890. The Society. 

Rome:—Accademia Pontificia de’ Nuovi Lincei. Atti. Anno 
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XLIL Sessione 4-7. Anno XLIH. Sessione 1-2. 4to. 
Boma 1889-90. The Academy. 

Reale Accademia dei Lincei. Atti. Ser. 4. Memorie Sci. Fis. 

Mat. e Kat. VoL V. 4to. Bonia 1888. The Academy. 

R. Comitato Qeologico d’ltalia. Bollefctino. 1890. Nos. S-4. 
8vo. Boma. The Comitato. 

St. Petersburg:—Academic Tmperiale des Sciences. Memoires. 
Tome XXXVII. Nos. 6-8. 4to. SLPetershourg 1890. 

The Academy. 

Comite Grfologique. Bulletin. Tome VIII. Nos. 6—8. 8vo. 

1889-90; Memoires. Vol. IX. No. 1. Yol. 
XL No. 1. 4to. St.Petershourg 1890. The Comite. 

San Francisco:—California Academy of Sciences, Proceedings. 
Vol. II. 8 VO. San Francisco 1890. The Academy. 

Upsala:—Universitet. Arsskrift. 1889. 8vo. Upsala. 

The University. 

Washington:—^National Academy of Sciences. Memoirs. Vol. IV. 
Part 2. 4fco. Washington 1889. The Academy. 

Smithsonian Institution. Smithsonian Contributions bo Know¬ 
ledge. Vol. XXVI. 4to. Washington 1890. 

The Institution, 


Observations and Reports. 

Calcutta:—Indian Museum. Indian Museum Notes. Vol. I. 
No. 3. 8vo. Calcutta 1890. The Trustees. 

Meteorological Department, Government of India. Report on 
the Meteorology of India in 1888. 4to. Calcutta 1890; 
Report on the Administration of the Meteorological Depart¬ 
ment in 1888-89. 4to. [Calcutta^^ ; Cyclone Memoirs. Part 2. 
8vo. Calcutta 1890; Handbook of Cyclonic Storms in the 
Bay of Bengal. 8vo. Calcutta 1890. The Department. 

Revenue and Agricultural Department. Memorandum on the 
Snowfall in the Mountain Districts of Northern India and 
Afghanistan, kc* Folio. Simla 1890. The Department 

Chemnitz:—Konigl. Sachsisches Meteurologisches Institut. Bericht. 

1888. 4to, Chemnits 1890. The Institute. 

Coimbra:—Observatorio Meteorologico e Magnetico. Observa^oes 
Meteorologicas, 1889. Folio. Coimbra 1890. 

The Observatoiy, 

Colnmbns:—Ohio Meteorological Bureau. Report. 1889. 8vo. 

Columbus 1890. The Bureau 

Cordova:—Oficina Meteoroldgica Argentina. Anales. Tomo Vll. 
4to. Buenos Aires 1889, The Office 
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Observations, <&c. {continue^, 

Dorpat:—Sternwarte. Meteorologische Beobacbtungen. 1881--83. 

8VO, [porpail. The Observatory. 

Edinburgh:—Royal Observatory. Circulars. !N‘os. 7-9 [Sheets]. 

1890. The Observatory. 

Greenwieh:—Royal Observatory. Rates of Chronometers on Trial 

for Purchase by the Board of Admiralty. 4to. \_LondGn 

1890]; Rates of Deck Watches on Trial. 4to. [^London 

1890]. The Observatory. 

Guatemala;—Direccion General de Estadistica. In forme. 1890. 

8vo. Quatemala. The Director-General. 

India:—Archaeological Survey of India. South Indian Inscriptions, 
Tamil and Sanskrit. Vol. I. 4to. Madras 1890. 

The Survey, 

Geological Survey of India. Memoirs. Vol. XXIV. Part 2. 
8vo. Calcutta 1890; Records. Vol. XXIII. Part 3. 8vo. 
Calcutta 1890. The Survey. 

Lisbon:—0bservatorio do Infante D. Luiz. Annaes. Vol. XXV. 

Folio. Lisboa 1890. The Observatory. 

London:—^Army Medical Department. Report. 1888. 8vo. 

London 1890. The Department. 

Mexico :—Observatorio Meteoroldgico-Magnetico Central. Boletin 
Mensual. Tomo II. Xdm. 7-12. Folio. [Mewo] 1889. 

The Observatory. 

Trieste;—Osservatorio Marittimo. Rapporto Annuale. 1887. 4to. 

Tneste 1890. The Observatory. 

Upsala:—Observatoire Mefceorologique de TUniversite. Bulletin 
Mensuel. Vol. XXI. 4to. TJj^sal 1889-90. 

The Observatory. 


Basset (A. B.), F.R.S. An Elementary Treatise on Hydrodynamics 
and Sound. 8vo. Cambridge 1890. The Author. 

'Braithwaite (R.) The British Moss-Flora. Part 13. 8vo. London 
1890. The Author. 

Cauchy (A.) (Euvres Completes. Ser. 2.* Tomes VII-VIII. 4to. 

Paris 1889—90. Academie des Sciences, Paris. 

Cayley (A.), F.R.S. Collected Mathematical Papers. Vol, HI. 4to. 

Cambridge 1890. The Author. 

Egleston (T.) The Metallurgy of Silver, Gold, and Mercury in the 
United States. Vol. II. 8vo. New York 1890. The Author. 
Evans (J.), Treas. R.S. The Coins of the Ancient Biitons. Supple¬ 
ment. 8vo. London 1890. The Author. 

Fatio (V.) Faune des Vertebres de la Suisse. Vols. I, II-V. 8vo. 

Oeneve 1869-1890. The Author, through Dr. Marcet, F.R.S. 
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Fourier. CEuvres. Tome IL 4to. Paris 1890. 

M. Gaston Darboux. 

Galilei (Galileo) Opere. Edizlone Eaziouale. Yol. I. 4to. 
Firenze 1890. 

The Italian Government, through the Foreign Office. 
Gaudry (A.) Les Enchaineraents du Monde Animal dans les Temps 
Geologiques. Fossiles Secondaires. 8vo. Paris 1890. 

The Author. 

Godwin-Austen (H. H.), F.R.S. Land and Freshwater Mollnsca of 
India. Parts 1-6. Text and Plates. 8?oand4to. London 1SB2-98. 

The India Office. 

King (G.), F.R.S. Annals of the Royal Botanic Garden, Calcutta. 
Yol. II. Folio. Calcutta 1889; The Species of Ficus of the 
Indo-Malajan and Chinese Countries. Appendix. Folio. Cal¬ 
cutta 1889. I'he Author. 

Maxwell (J. Clerk), F R.S. Scientific Papers. Edited by W. D. 
Hiven, F:R,S. Two vols. 4to. Cambridge 1890. 

University Press, Cambridge. 
Startin (J.) A Pharmacopoeia for Diseases of the Skin. 12mo. 
London 1890. The Author. 


Three bronze Medals, two bearing bust of Linnasus, and one com¬ 
memorative of Joseph Hume, F.R.S. 

Mr. J. Evans, Treas. R.S. 
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November 27, 1890. 

Mr. JOHN EYAlSrS, D.O.L., Treasurer and Vice-President, in the 

Chair. 

In pursuance of the Statutes, notice of the ensuing Anniversary 
Meeting was given from the Chair, and the list of Officers and Council 
nominated for election was read as follows:— 

Fresident—Bir William Thomson, D.C.L., LL.D. 

Treasurer. —John Evans, D.C.L., LL.D. 

ct , • f Professor Michael Eoatei’, M.A., M.D. 

Secretaries.— | Eayleigh, M.A, D.C.L. 

Foreign Secretary. —^Archibald Geikie, LL.D. . 

Oih&r Members of the GoundL —Professor William Edward Ayrton ; 
William Henry Mahoney Christie, M.A.; Professor W. Boyd Dawkins, 
M.A.; James Whitbread Lee Glaisher, D.Sc.; Hugo Miiller, Ph.D.; 
Professor Alfred IS^ewton, M.A.; Sir William Robert, M.D.; William 
Chandler Roberts-Austen, E.C.S.; Professor Edward Albert Schafer, 
M.R.C.S. j Sir George Gabriel Stokes, Bart,, M.A.; Lieut.-General 
Richard Strachey, R.E.; Professor Joseph John Thomson, M.A.; 
Professor Thomas Edward Thorpe, B.Sc.; Sir William Turner, M.D.; 
Professor Sydney Howard Vines, M.A.; General James Thomas 
Walker, C.B. 

The Presents received were laid on the table, and thanks ordered for 
them. 

The foUowing Papers were read:— 

L “On the Homology between Genital Ducts and Nephridia 
in the Oligochseta.” By Frank E. Beddard, M.A., 
Prosector of the Zoological Society. Communicated by 
Professor E. Ray Lankester, M.A., LL.D., F.R.S. Re¬ 
ceived October 10, 1890. 

It is nsnally stated in text books that the genital ducts of the 
Oligochseta are homologous with nephridia; but nevertheless the 
question is one which has not yet been satisfactorily settled, for the 
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total independence o£ the two stmctnres in Lurntricus and those 
aquatic Oligochseta of which the development is known is a difficnlty 
in the way of accepting this view. Claparede, who first clearly 
formulated the arguments in favour of regarding the genital ducts 
as slightly modified nephridia, made a mistake in stating that the 
genital segments of the aquatic Oligochseta contain no nephridia; 
this error was pointed out by Vejdovsky* * * § who discovered that the 
genital segments are originally furnished with nephridia, which 
atrophy on the ripening of the sexual products and the appearance of 
their duets. Professor Lankester pointed out that in Lumbricusf the 
genital ducts and the nephridia have a close relation to one 
or other of the two pairs of setae with which each segment is pro¬ 
vided. He suggested that the genital ducts might represent the only 
portion left of a ventrally opening series of nephridia. M. Perrier’s 
memorable investigationsj into the structure of exotic Earthworms 
tended at first to confirm this theory. He discovered that iu one 
Earthworm (Flutellus) the nephndia alternated in position from 
segment to segment, thus suggesting that the supposed original two 
sets of nephridia had both partly persisted and partly disappeared. 
In other forms the nephridia were found to be related to the ventral 
setae, and the genital apertures to the dorsal setae, the exact converse 
of the condition which occurs in hiimhricus. Later investigations, 
however, which resulted in the discovery that the genital apertures 
and nephi’idiopores may coincide at the same seta, led M. Perrier to 
abandon the hypothesis. My own discovery, first published in the 
Proceedings of this Society,§ that in Acantliodnlus multiporus there 
are more than a single pair of nephridiopores to each segment, 
removed the difficulties urged by Perrier, And as this discovery has 
been extended by myself and by others to many species and genera 
of Earthworms, there can be no longer any intrinsic improbability in 
the hypothesis. The whole subject has been lately reviewed by Eisig 
in his treatise upon the Anatomy and Physiology of the Capitellidae, 
which forms one of the seines of monographs issued by the Zoological 
Station at Naples. Dr. Eisig decides that the genital ducts are 
probably modified nephridia in the Oligochseta; in the Oapitellidse 
they certainly are; but, as the Oapitellidse do not appear to me to be 
so nearly related to the Oligochseta as Dr. Eisig considers, I should 
regard this argument as only having the force that an argument' 
from analogy can have. Since the appearance of Dr. Eisig’s work, 
an important paper by Dr. Stolc|| dealing with the generative organs 

* ‘ System u. Morph, d. Oli^ocliaten,’ Prag, ISS-i. 

t ‘ Quart. Journ. Microsc. Sci.,’ 1864f-5. 

X ‘Nouv. Arch, du Museum,' vol. 8 (1872). 

§ ‘ Eot. Soe. Proe.,’ vol. 38,1885, p. 459, 

‘ Boiim, G-esell. Sitzher./ 1889. 
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of Molosoma iias come into my hands; it appears tliat in this Annelid 
there are no special sperm ducts, but that the function of such ducts 
is performed by several pairs of nephridia. This fact, however, 
interesting though it is, is not a proof of the homologj between sperm 
ducts and nephridia in other types. 

I have lately had the opportunity of studying the development of 
the New Zealand species Acanthodrilus multiporus. The sum of 
money which the Government Grant Committee of the Royal Society 
were good enough to place at my disposal has enabled me to defi^ay 
the expenses of this investigation. 

In the young embryos of this worm each segment is furnished with 
a pair of nephridia, each opening by a ciliated funnel into the segment 
in front of that which carries the dorsally placed external pore. In 
later stages the funnels degenerate, and that portion of the tube 
which immediately follows the funnel becomes solid, losing its lumen ; 
at the same time the nephridium branches, and communicates with 
the exterior by numerous pores. . At a comparatively early stage, four 
pairs of gonads are developed in segments X—XIII; each of these is 
situated on the posterior wall of its segment, as in Acanthodrilus 
anneoteibs, and not on the anterior wall, as in the majority of Earth¬ 
worms. When the gonads first appear, the nephridial funnels, with 
which they are in close contact, are still ciliated, and their lumen is 
prolonged into the nephridium for a short distance. Later the cilia 
are lost, and the funnels increase greatly in size, while those of 
neighbouring segments—in fact, all the remaining funnels—remain 
stationary for a time, and then become more and more degenerate. 
The large funnels of the genital segments become the funnels of the 
vasa deferentia and oviducts; it will be observed that the number of 
ovaries and oviducal fnnnels (two pairs) at first corresponds to that 
of the testes and sperm duct funnels ; subsequently the gonads and 
commencing oviducts of segment XII atrophy. Each of these large 
funnels is continued into a solid rod which passes back through the 
septum, and then becomes continuous with a coiled tuft of tubules, in 
which there is an evident lumen, and which is a part of the 
nephridium of its segment. In the segments in front of and behind 
the genital segments, the rudimentary funnels communicate in the 
same way with a solid rod of cells which runs straight for a short 
distance and then becomes coiled and twisted upon itself and pro¬ 
vided with a distinct lumen. In fact, apart from the relative size of 
the funnels and the presence of the gonads, it would be impossible to 
state from which segment a given section through the terminal 
portion of a nephridium had been taken. In a later stage the large 
funnels of the genital segments become ciliated; but this ciliation 
takes place before there is any marked change iu the tube which is 
connected with the funnel. 
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In the young worm which has Jnst escaped from the cocoon, the 
funnels are ciliated, and they are each of them connected by a short 
tube, in which a lumen has been developed, but which ends blindly in 
close proximity to a coil of nephridia. ITo trace of any nephridial 
tube other than the sperm duct or oviduct could be observed, whereas, 
in the preceding and succeeding segments the rudimentary nephridial 
funnel and a straight tube leading fi*om it direct to the body wall 
were perfectly plain. Dr. Bergh* has figured, in his aecouni} of the 
development of the generative organs of Lumbrzciis, a nephridial 
funnel in close contact with the funnel of the genital duct. It may 
be suggested that a corresponding funnel has been overlooked in the 
embryo Acanthodrilus; the continuity of a structure, identical (at 
first) with the nephridia of the segments in front and behind, with 
the genital funnels, seems to show that a search for an additional 
nephridial funnel would be fruitless. 

I can only explain these facts by the supposition that in Acantho- 
dnlus multiporus the genital funnels and a poriion at least uf the ducts 
are formed out of nephridia. This mode of development is a confirma¬ 
tion, to me unexpected, of Balfour’s suggestionf that in the Oligochaeta 
the nephridium is broken up into a genital and an excretory portion. 

In the comparison of the facts, briefiy described here, with the 
apparently independent origin of the generative duets in other 
Oligochaeta, it must be borne in mind that in Aca?ithodrilus the segre¬ 
gation of the nephridium into several almost detached tracts com¬ 
municating with the exterior by their own ducts precedes the 
formation of the genital ducts. 


II. ^‘The Patterns in Thumb and Finger Marks: on their 
Arrangement into naturally distinct Classes, the Perma¬ 
nence of the Papillary Ridges that make them, and the 
Resemblance of their Classes to ordinaiy Genera.” By 
Francis Galton, F.R.S. Received November 1890. 

(Abstmct.) 

The memoir describes the results of a recent inquiry into the 
patterns formed by the papillary ridges upon the bulbs of the thumbs 
and fingers of different persons. The points especially dwelt upon in 
it are the natural classification of the patterns, their permanence 
throughout life, and the apt confirmation they afford of the opinion 
that the genera of plants and animals may he isolated from one 
another otherwise than through the influence of natural selection. 


* * Zeitschr. Wiss. Zoo!.,* 1886. 
t ‘ Compar. Embiyoi.,’ voi 2, p. 617. 
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The origin of the patterns was shown to be due to the existence of 
the nail, which interfered with the horizontal course of the papillary 
ridges, and caused those near the tip to run in arches, leaving an 
interspace between them and the horizontal ridges below. This 
intei*spaee was filled with various scrolls which formed the patterns. 
The points or point at which the ridges diverged to enclose the’inter¬ 
space were cardinal points in the classification. It was shown that 
there were in all only nine possible ways in which the main features 
of the inclosure of the interspace could be efiected. In addition to 
the 9 classes there was a primary form, occurring in about 3 per cent, 
of all the eases, in which the interspace was not clearly marked, and 
from this primary form all the other patterns were evolved. The 
forms of the patterns were easily traced in individual cases by follow¬ 
ing the two pair of divergent ridges, or the one pair if there was only 
one pair, to their terminations, pui'suing the innermost branch when¬ 
ever the ridge bifurcated, and continuing on an adjacent ridge when¬ 
ever the one that was being followed happened to come to an end. 
25 of the principal patterns were submitted, and a few varieties 
of some of them, making a total of 40. They are by no means equally 
frequent. 

The data as to the permanence of the patterns and of the ridges 
that compose them were supplied to the author by Sir W. J. Herschel, 
who, when in the Indian Civil Service, introduced in his district the 
practice of impressing finger marks as a check against personation. 
Impressions made by one or two fingers of 4 adults about 30 years 
ago, and of a boy 9 years ago, are compared with their present 
impressions. There are eight pairs of impressions altogether, and it is 
shown that out of a total of 296 definite points of comparison 
which they afford, namely the places where ridges cease, not one failed 
to exist in both impressions of the same set. In making this com¬ 
parison, no regard was paid to the manner in which the several ridges 
appear to come to an end, whether abruptly or by junction with 
another ridge. The reasm was partly, because the neck where junc¬ 
tion takes place is often low and may fail to leave a mark in one of 
the impressions. 

Lastly, the various patterns were shown to be central typical forms 
from which individual varieties departed to various degrees with a 
diminishing frequency in each more distant degree, whose rate was in 
fair accordance with the theoretical law of frequency of error. Con¬ 
sequently, wide departures were extremely rare, and the several 
patterns corresponded to the centres of isolated groups, whose isola¬ 
tion was not absolutely complete, nor was it due to any rounding off 
by defined boundaries, but to the great rarity of transitional cases. 
This condition was brought about by internal causes only, without 
the least help from natural selection, whether sexual or other. The 
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distribution of mdividnal varieties of tlie same patterns about their 
respective typical centres was precisely analogous in its form, say, to 
that of the Shrimps about theirs, as described in a recent memoir by 
Mr. Weldon (‘ Roy. Soc. Proc.,’ ITo. 291, p. 445). It was argued from 
this, that natural selection has no monopoly of influence either in 
ci*eating genera or in maintaining their purity. 


III. “ Preliminary Note on the Transplantation and Growth of 
Mammalian Ova within a Uterine Poster-Mother.” By 
Walter Heape, M.A., Balfour Student at the University of 
Cambridge. Communicated by Professor M. Foster, 
Sec. R.S. Received November 12, 1890. 

In this preliminary note I wish merely to record an experiment by 
which it is shown that it is possible to make use of the uterus of 
one variety of rabbit as a medium for the growth and complete festal 
development of fertilised ova of another variety of rabbit. 

Briefly, the experiment made was as follows:—On the 27th April, 
1890, two ova were obtained from an Amgora doe rabbit which had 
been fertilised by an Angora buck thirty-two hours previously; the 
ova were undergoing segmentation, being divided into four segments. 

These ova were immediately transferi*ed into the upper end of the 
fallopian tube of a Belgian hare doe rabbit which had been fertilised 
three hours before by a buck of the same breed as herself. 

It may be well to mention here, I bought this Belgian hare doe 
some three months before ; the man from whom I bought her bred her, 
and guaranteed her to be a virgin doe of about seven months old. 
During the time I had her, until the 27th April, she had never been 
covered by a buck of any breed, being kept always isolated from the 
various bucks in my rabbitry. 

In due course this Belgian hare doe gave birth to six young—^fom* 
of these resembled herself and her mate, while two of them were 
undoubted Angoras. The Angora young were characterised by the 
possession of the long silky hair peculiar to the breed, and were true 
albinoes, like their Angora parents. 

As a proof of their parentage, I wonld add they inherit a habit 
which nearly all the Angoras I have kept affect—it was marked in 
their Angora mother and especially prononneed in their father—a 
habit of slowly swaying their head from side to side as they look at 
you. I mention this fact because I have never observed the same 
habit in any breed of rabbits except Angora. 

It should be remembered also as a further proof that I put into the 
Belgian hare doe two fertilised ova from the Angora doe, and that two 
Angora young were borne by the former. 
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Three of the Belgian hare young unfortunately died during the 
months of September and October, from some undetermined cause 
(alimentary ?) ; one of the Belgian hare young—a doe—and the two 
Angoras—both bucks—survive, and appear fairly strong and hearty. 

At the date on which I am writing, 7th November, 1890, the sur¬ 
viving young ones are twenty-three weeks old, having been born on 
the 2yth May, 1890. 

All the young at the time of their birth su&red more or less from 
some skin disease, which, however, disappeared under treatment, and 
one of the Angora young, who suffered the most from the skin disease, 
has been remarkably scantily supplied with hair, but this defect is 
becoming less and less obvious. 

Both the Angora young when born were bigger and stronger than 
any of the other young, and they have all along retained their 
supremacy in this direction. 

I can see no sign in the Angora young of any Belgian hare strain, 
and the Belgian hare young have not shown any likeness to their 
foster-brothers. The surviving Belgian'hare inherits a white left 
fore-foot from her father, and one of those which died was similarly 
marked. 

The peculiarities of the Angora young have been already noted. 

. The experiment described above was undertaken to determine in the 
first place what effect, if any, a uterine foster-mother would have 
• upon her foster-children, and whether or not the presence and develop¬ 
ment of foreign ova in the uterus of a mother would affect the offspring 
of that mother born at the same time. 

So far as this single case goes, the evidence is negative. 

Before long, I pi*opose to continue my experiments and to extend 
them. 

In concluding this note, I would record my great indebtedness to 
Mr. Samuel Buckley, M.D. (Lond.), F.R.O.S. (Eng.), of Manchester, 
who has most kindly given me his valuable assistance in the necessary 
operative portion of the experiment. 


lY. ‘^The Conditions of Chemical Change between Nitric Acid 
and certain Metals.” By Y. H. Yeley, M.A., the Uni¬ 
versity Museum, Oxford. Communicated by Professor 
ODiANG, F.R.S, Received October 23, 1890. 

(Abstract.) 

This paper is in continuation of a preliminary communication on 
the same subjectthe main points contained in it are as follows :— 

I. The metals copper, mercury, and bismuth do not dissolve in 
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nitric acid of abont 30 per cent, concentration (tbe acid commonly 
employed for tbe preparation of nitric oxide gas) and heated to a 
temperature of 80° C., proYided that nitrons acid is neither present 
initially nor formed subsequently. To prevent this, it is necessary in 
tbe cases of copper and bismuth to add a small quantity of some 
oxidising substance, such as hydrogen peroxide or potassium chlorate, 
or, as less eificacious, potassium permanganate, or to pass a current of 
air or, lastly, such a substance as urea, which destroys the nitrous 
acid by its interaction. 

II. If the conditions are such that these metals dissolve, then the 
amount of metal dissolved and the amount of nitrons acid present are 
concomitant variables, provided that the nitric acid is in considerable 
excess. Change of conditions, such as concentration of acid and 
variation of temperature, which increase the former increase also the 
latter. 

III. If the conditions are such that these metals dissolve, it would 
appear that tbe metallic nitrite is at first formed, together with nitric 
oxide; the former is decomposed by the excess of nitric acid to 

^liberate nitrous acid, w^hile the latter reduces the nitric acid to form 
a further quantity of nitrous acid. 

Eventually the net result is the product of two reverse chemical 
changes represented by the equations— 

(i.) 2N0 + H]^0.^ + H.30 = 3Hm, 

(li.) 3HN03 = 2N'0+HN034-H20. 

The nitrous acid is thus destroyed as fast as it is generated. 

ly. If the conditions are such that metals dissolve in nitric acid, 
then nitrous acid is invariably the initial product of reduction. 

Y, The’ metals copper, mercury, and bismuth dissolve very readily 
in a 1 per cent, solution of nitrous acid; under these conditions nitric 
acid present in slight excess interferes with, rather than promotes, the 
chemical change. This result is probably due to tbe greater stability 
of nitrous acid in the presence of nitric acid. 

YI. Hydrogen gas reduces nitric to nitrous acid in presence of 
cupric or lead nitrate; it also converts mercuric into mercurous 
nitrate, but does not produce any change in solutions of bismuth and 
zinc nitrates dissolved in nitric acid. 
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Y. “ The Variations of Electromotive Force of Cells consisting 
of certain Metals, Platinum, and Nitric Acid.” By Gr. J. 

■ Burch, B.A., and V. H. Veley, M.A., the University 
Museum, Oxford. Communicated by Professor Odling, 
F.R.S. Received October 28, 1890. 

(Abstract.) 

The description of the apparatus, the capillary electrometer, and 
the method of working are given fully in the paper. The following 
conclusions are drawn from the results of the experiments:— 

I. When the metals copper, silver, bismuth, and mercury are intro¬ 
duced into purified nitric acid of different degrees of concentration, 
and a couple made with platinum, the electromotive force of such a 
cell increases considerably until it reaches a constant and (in most 
cases) a maximum value. The rise of E.M.F. is attributed to the 
production of nitrous acid by the decomposition of the nitric acid, and 
the final value is considered to be due to the former acid only, while 
the initial value is due for the most part to the latter acid, though it 
is affected to a remarkable degree by the amount of impurity of 
nitrous acid, either initially present or produced by minute and 
unavoidable uncleanliness of the^ metallic strip and the containing 
vessel. 

II. If nitrous acid has been previously added to the nitric acid, then 
the maximum E.M.F. is reached at once. 

III. If the conditions, namely, increase of temperature, of impurity, 
and of concentration of acid, are such as would favour a more rapid 
solution of the metal, and consequently a more rapid production of 
nitrous acid, then the rise of E.M.F. is concomitantly more rapid. 

IV. Conversely, if the conditions are unfavourable to the produc¬ 
tion of nitrous acid, the rise of E.M.F. is less rapid. 

V. If any substance, such as urea, be added which would tend to 
destroy the nitrous acid as fast as it may be formed, then the rise of 
E M.F. is extremely slow, being dependent upon the number of mole¬ 
cular impac s of the nitrous acid upon the surface of the metal. 

Thus the results obtained by the electrometer and by the chemical 
balance are in every way confirmatory the one of the other. 

The authors propose to conduct further investigations on cells con¬ 
taining other acids, to determine whether the action of them upon 
metals is conditioned by the presence of their products of electrolysis. 
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Transactions. 

Cracow:—^Academic des Sciences. Bulletin International. Oomptes 
Bendns des Seances. Annee 1890, Mai—Juillet. 8to. GrcLcovie. 

Tlie Academj. 

Delft:—^Ecole Polyteclmique. Annales. Tome Y. Livr. 3—4. 4to. 

Leide 1890. The School. 

Devonshire:—^Devonshire Association. Beport and Transactions. 
Yol. XXIL 8 VO. Plymouth 1890; The Devonshire Domesday. 
Part 7. 8vo. Plymouth 1890. The Association. 

Edinburgh:—Geological Society, Transactions. Yol. YI. Parti. 
8vo. Edinburgh 1890. The Society. 

Boyal Society. Proceedings. Yol. XYI. (Pp. 385-448.) Yol. 
XYII. (Pp. 1-128.) 8vo. Edinburgh 1889-90. The Society. 
Falmouth:—Boyal Cornwall Polytechnic Society, Annual Report. 

1889. 8vo. Falmouth [1890]. The Society. 

Frankfort-on-Main:—Senckenbergisohe Xaturforschende Gesell- 
schaft. Bericht. 1890. 8vo. Frankfurt, The Society. 

Gloucester:—Cotteswold Naturalists’ Field Club. Proceedings. 
Yol. IX. Part 4. Yol. X. Part 1. 8vo. Glducester [18901. 

The Club. 

Helsingfors;—Soci4te de Geographic de Finlande. Bullecin. Nos. 
2-3. 8vo. Helsingfors 1890; Statuts de la Societe. 8vo. 
[Sheet.] Helsingfors 1890. The Society. 

Hobart:—^Boyal Society of Tasmania. Papers and Proceedino^?. 

1889. 8vo. Tasmania 1890. The Sociery. 

London:—^Anthropological Institute. Journal. Yol. XIX. No. 4. 
8vo. London 1890. The Institute. 

Odontological Society of Great Britain. Transactions. Yol. 

XXII. Nos. 7-8. 8vo. London 1890. The Society. 

Photographic Society of Great Britain. Journal and Transac¬ 
tions. Yol. XY. No. 1. 8ro. London The Socieiy. 

Quekett Microscopical Club. Journal. Ser. 2. Yol. lY. No. 

27. 8vo. London 1890. The Club. 

Boyal Agricultural Society of England. Journal. Ser. 3. Yol. I, 
Parts 2-3. 8vo. London 1890; Genei^l Index, 1865-89. 8vo. 
London 1890. The Society. 

Boyal Horticultural Society. Journal. Yol. XIL Part 2. 8vo. 

London 1890. The Society. 

Boyal Meteorological Society, The Meteorological Becord. Yol. 

IX. Nos. 36-37, 8vo. London [1890]. The Society 

Boyal Microscopical Society. Journal. 1890. Part 3. 8vo. 
London, The Society. 
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Transactions (conimued^. 

Royal Statistical Society. Journal. Yol. LIII. Parts 2-3. 8vo. 

London 1890. The Society. 

Roval United Service Institntion. Journal. Yol. XXXIY. 

Xo. 153. 8vo. London 1890. The Institution. 

St. Bartholomew’s Hospital. Statistical Tables of the Patients 
under Treatment during 1889. 8vo. London 1890. 

The Hospital. 

University College. Calendar. 1890-91. 8vo. London 1890. 

The College. 

Yictoria Institute. Jonrnal of the Transactions. Yol. XXIY. 

Hos. 93-94. 8vo. London [1890]. The Institute. 

Zoological Society. Proceedings. 1890. Part I. 8vo. London, 

The Society. 

Manchester:—Geological Society. Transactions. Yol. XX, Parts 
18-21. The Society. 

Literary and Philosophical Society. Memoirs and Proceedings. 

8vo. Manchester 1890. The Society. 

Owens College. Studies from the Biological Laboratories. Yol. II. 
8vo. Manchester 1890. The College. 

Melbourne:—Royal Society of Yictoria. Transactions. Yol, I. 

Part 2. 4to. Melbourne 1889. The Society. 

Moscow:—Societe Imperials des Xaturalistes. Bulletin. 1889. 

Ho, 4. 1890. Ho. 1. 8 VO. Moscou 1890. The Society. 

Munich:—Koiiigl. Bayerische Akademie der Wissenschaften. 
Abhandiangen (Histor. Classe). Bd. XIX. Abth. 1. 4to. 
Milnchen 1889; Abhandlungen (Mathem.-Phys. Classe). Bd. 
XYII. Abth. 1. 4to. MUnchen 1889; Sitzungsberichte 
(Philos.-Philol. Classe) 1890. Heft 2-3. 8vo. Miinoheti 1890. 

The Academy. 

Hewcastle-upon-Tyne:—Horth of England Institute of Mining and 
Mechanical Engineers. Report of the French Commission on 
the Use of Explosives in the Presence of hire-Uamp in Mines. 
Part 2. 8vo. Newcastle 1890. The Institute. 

Tokio:—Imperial University. Calendar. 1889-90. 8vo. Tokyo 

1889. The University, 
Imperial University. College of Science. Journal. Yol. III. 

Part 4. 4to. Tohyd 1890. The University. 

Toulouse:—Faculte des Sciences. Annales. Tome lY. 4to. Faris 

1890. Tha Faculty. 
Trieste:—Museo Civico di Storia Hatni’ale. Atti. Tomo YIII. 

8vo. Trieste 1890. The Museum. 

Turin:—Accademia delle Scienze. Atti. Yol. XXY. Disp. 11-12. 
8vo. Torino 1890; Osservazioni Meteorologiche. 18d9* 8vo, 
Tonno 1890. The Academy, 
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Beard (J-) Tiie Inter-Relatioiisliips o£ the Ichfcbyopsida. 8vo. 

Jena 1890- The Author. 

Blanchard (E.) Les Preuves de la Dislocation de I’Extremite Sud- 
Est dn Continent Asiatiqne pendant I'Age moderne de la Terre. 
4to. Paris 1890. The Author. 

Cross (C. B.) On the Extent of the Excursion of the Electrodes of 
a Microphone Transmitter. 8to. IBostori] 1890. The Author. 
Distant (W. L.) A Monograph of Oriental Cicadidae. Part 3. 4to. 

London 1890. Indian Museum, Calcutta. 

Dobson (G. E.), F.R.S. A Monograph of the Insectivora, Systematic 
and Anatomical. Part 3. Ease. 1. 4to. London 1890. 

The Author. 

Foster (M.), Sec. B.S. A Text Book of Physiology. Fifth Edition. 

Part 3. 8vo. London 1890. The Author. 

Francis (E. B.) Customary Law of the Tahsils of Moga, Zira, and 
Ferozepore. Svo. Lahore 1890. The India Office. 

Giglioli (E. H.) Primo Resoconto dei Risultati della Lachiesta 
Ornitologica in Italia. Parte 2. Avifaune Locali. 8ro. Firenze 
1890. Prof. Giglioli. 

Helmholtz (H. Yon), For. Mem. R.S. Cber atmosphaerische 
Beweguugen. 8ro. Berlin 1889. The Author. 

Hops (J.) Flora Batava. Aflev. 289-290. 4to. ieidcii [1890], 

The Netherlands Legation. 
Limarakis ( L. G.) L’fipidemie de Grippe-Influenza a Constantinople. 

8vo. Com^tantinople 1890. The Author. 

Lockyer (J. N.), F.R.S. The Meteoritic Hypothesis. 8yo. London 
1890. The Author. 

McCoy (F), F.R.S. Prodromus of the Zoology of Yictoria. 
Decade 20. 8yo. Melbourne 1890. 

The Government of Victoria. 
Member (A.) Daniel Gabriel Fahrenheit (Yorti*ag). 8vo. \_Danzig'] 
1887; Daniel Gabriel Fahrenheit. Sein Leben und Wirken, 
8vo. Danzig 1890. The Author. 

Mueller (F. von), F.R.S. Second Systematic Census of Australian 
Plants. Part 1. Yascnlares. Obi. 4co. Melbourne 1889. 

The Government of Yictoria. 
Ormay (A.) Recentiora Supplementa Faunae Coleopterorum in 
Transsilvania. 8yo. Budapest 1390. The Author. 

Rand (Rev. S. T.) Dictionary of the Language of the Micmac 

Indians. 4to. Halifax 1888. The Canadian Government. 

Royer ((Hemence) . La Constitution Molecnlaire de FEau. 8vo. Paris 
[1890]. The Author. 

Riitimeyer (L.) Uebersicht der eocanen Fauna von Egerkingen 
nebst einer Erv^uederung an Prof. E. D. Cope. 8vo. Basel 1890. 

The Author. 
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Spencer (J. ’W’.) Ancient Shores, Bonider Pavements, and High- 
Tievel Gravel Deposits in the Region of the Great Lakes. 8vo. 
\Nem Yorlc] 1889. The Author. 

Stopes (H.) Indications of Retrogression in Pre-historic Civiliza¬ 
tion in the Thames. 4to. Leeds 1890. The Author, 

Vernon-Harcourt (L. P.) The Physical Conditions affecting Tidal 
Rivers; and the Principles applicable to their Improvement. 
Polio. [_Manchester] 1890. With French translation of the same. 

The Author. 


Lecember I, 1890. 
ANITIYERSARY MEETING. 


Sir G. GABRIEL STOKES, Bart., President, in the Chair. 

The Report of the Auditors of the Treasnrer’s Accounts, on the part 
of the Society, was presented, by which it appears that the total 
receipts, inclnding balances carried from the preceding year, amounted 
to £7,665 9s. lOtZ. on the General Account, and £7,016 11s. 7d. on 
account of Trust Funds, and that the total expenditure in the same 
period amounted to £5,886 Is. lid. on the General Account, and 
£4,457 7s. 8d. on account of Trust Funds, leaving a balance on the 
General Account of £1,753 9s. 5d. at the bankers’, and £‘25 18s. 6d. in 
the hands of the Treasurer, and, on account of Trust Funds, a balance 
at the bankers’ of £2,559 3s. lid. 

The thanks of the Society were voted to the Treasurer and Auditors. 


The Secretary then read the following Lists :— 

Fellows deceased since the last Anniversary (Nov. 30,1889). 
On the Home List. 


Beckles, Samuel Husbands, 
F.G.S. 

Burt, T. Seymour, Maj., M.R.A.S. 
Davis, Sir John Francis, Bart. 
Duncan, James Matthews, M.D. 
Ellis, Alexander John, B.A. 
Fischer, William Lewis Ferdinand, 
M.A. 

Gull, Sir William Withey, Bart., 
M.D. 

Hood, Charles, F.R.A.S* 

Jones, Charles Handheld, M.B. 


Kane, Sir Robert, M.R.I.A. 
Lefroy, Sir John Henry, General 
R.A. 

Mylne, Robert William, F.R.S.E. 
Napier of Magdala, Robert, Lord, 
G.C.B. 

Parker, William Kitchen, F.Z.S. 
Perry, Rev. Stephen Joseph, 
F.R.A.S. 

Smyth, Sir Warington Wilkinson, 
F.G.S. 

Talbot, Christopher Rice Mausel. 
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On the Foreign List 
Rosenber^er, Otto August. 

Defaulter, 

Twiss, Sir Travers, Knt., Q.C. 

Change of Name and Title, 

Macdonald, Riglit Hon. Jolin Hay Atbole, to Lord Kingsburgb.. 


Fellows elected since 

Baker, Sir Benjamin, M.Tnst.C.E. 
Bosanquet, Robert Holford Mac- 
dowall, M.A. 

Bnrbnrj, Samuel Hawkeslej, 
M.A. 

Gardiner, Walter, M.A. 

Kerr, John, LL,D. 

Lea, Arthur Sheridan, D.Sc. 
MacMahon, Percy Alexander, 
Major R.A. 

Norman, Rev. Alfred Merle, M.A. 


the last Anniversary. 

Perkin, Professor William Henry, 
F.O.S. 

Pickering, Professor Spencer TJm- 
freville, M.A. 

Robei‘ts, Isaac, P.R.A.S. 

Sharp, David, M.B. 

Teall, J. J. Harris, M.A. 

Thome, Richard Thorne, M.B. 
Weldon, Walter Frank Raphael, 
M.A. 


On the Foreign List. 

Cannizzaro, Stanislao. 

Chanveau, Jean Baptiste Auguste. 

Rowland, Henry A. 

The President then addressed the Society as follows:— 

The proceedings of every Anniversary Meeting remind us of the 
losses which the Society has sustained during the preceding year by 
the deaths of several of its Fellows. Of those whom we have lost 
during the past year, some were distinguished for their scientific 
labours, some were well known in the world at large. Of several, full 
obituary notices have appeared or will appear in the ‘ Proceedings,’ 
but it will, I think, be in accordance wdtb the wishes of the Fellows 
that I should say a few words on the present occasion about some of 
those whom we have lost. 

The Rev. Stephen J. Perry, S.J., whose name is well known in 
connexion with his accurate magnetic observations, and his labours 
in the domain of solar physics, was last year elected a member 
of the Council; It was imown that he conld not attend the first 
meeting, as he would be on his way to the West Indies to observe 
the total solar eclipse of the 22nd of December, but we looked forward 
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to Laving Lim at the meetings of our Conneil after tLat was over. 
In tMs we were doomed to disappointment, for a telegram which 
arrived shortly after the day of the eclipse brought the sad intelli¬ 
gence of his death. Bis illness began shortly before the day of the 
eclipse, but he did not suffer it to interrupt his preparations, bnt 
worked on to the end as far as his failing strength would allow. The 
observation of total solar eclipses was a branch of solar physics to 
which he had paid special attention, and, considering the circum¬ 
stances of his death, we may regard him as a martyr to science, while 
at the same time his kindly disposition ensured attachment from all 
who knew him. 

William Lewis Ferdinand Fischer, who was a friend of mine for 
more than forty years, was a G-erman by birth, and was educated 
in Germany. He came to Cambridge later in life than most men 
commence residence, entering at my own college, Pembroke. At the 
time when he entered he was only imperfectly acquainted with the 
English language. He took his degree in due course, having come 
ont fourth wrangler. He obtained a fellowship at Clare College, and, 
after some time, was elected Professor of Natural Philosophy in the 
University of St. Andrews, at which town he continued to reside till 
his death, and where his widow still resides. He was remarkably 
well acqnainted with what had been done in physical science. 

In the middle of January we lost, in Lord Napier of Magdala, a 
man of world-wide reputation, who had been a Fellow of the Society 
for more than twenty-three years. A sketch of his life h^ already 
appeared in the ‘ Proceedings.’ 

The eminent physician Sir William Gull, who for some consider¬ 
able time had been in failing health, was taken from ns at the 
beginning of this year. The Fellows have already in their hands a 
sketch of his life. 

In February there died, at an advanced age, our Fellow Sir Eobert 
Kane, who was eminent among what we may regard as the last 
generation of chemists. A biographical notice of him is already in 
the hands of the Fellows. 

Eobert William Mylne, who died in July, was for thirty years a 
Fellow of the Society, to which also both his father and grandfather 
belonged. He was twelfth in direct descent of a family of architects 
and engineers, his direct ancestor having had the erection of new 
buildings for Holyrood Palace in the reign of Charles the Second. 
He was himself a hydraulic engineer, and was frequently consulted as 
to water supply, both by the Government and by private companies. 
He was perhaps best known in the depai’tment of geology, and his 
geological map of London and the neighbourhood, a work of immense 
labour and expense, was long a standard authority among scientific 
men. 
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General Sir Jolin Henry Lefroy, wlio died last April, combined tbe 
dnties of his profession and of his responsible offices as Governor of 
Bermuda, and, for a time, of Tasmania, with active scientific work in 
relation especially to terrestrial magnetism, with which he was con; 
nected by his post as director of magnetic observatories at St. Helena 
and at Toronto. He is the author of a treatise on the subject, and 
has entered into some investigations bearing on a possible cause of 
local magnetic irregularities, which seem well deserving of considera¬ 
tion. 

Sir Warington Wilkinson Smyth, who was so high an authority on 
all that relates to mining, and geology as bearing upon it, was one 
of our Fellows who repeatedly served on our Council and on various 
committees, and by his sound judgment aided us in our deliberations. 
Though his health had been failing for some time, his end came upon 
us with startling suddenness. It will be remembered by many of the 
Fellows that he was present at onr conversazione on the 18th of Jun?, 
and next morning he breathed his last. He was widely known as a 
man of science, and was honorary Fellow of various societies on the 
Continent. In him 1 have lost one who was formerly a colleague of 
my own as lecturer in the School of Mines. 

William Kitchen Parker held a very high place among biologists 
in relation especially to the homologies of the vertebrate skeleton. 
Notwithstanding the laborious nature of his prefession, he managed 
to find time for his scientific pursuits, and our * Transactions ’ con¬ 
tain a large number of papers which came from his pen, and are 
illustrated by elaborate drawings. So highly were his biological 
researches thought of, that for several years means were found, 
through an application of a portion of the Government Grant, foi 
enabling him to dispense with the laborious work of his profession, 
and devote himself to science. His genial disposition and vivacity of 
manner, and, curiously enough, his personal appearance, reminded 
one of Faraday. 

Dr. James Matthews Duncan, who died suddenly from heart 
disease, was eminent as an obstetric physician, and was a man of 
singular straightforwardness of character. 

Our Fellow Charles Handheld Jones died on the 30th of fc^eptem- 
ber. His chief scientific labours lay in the domain of pathological 
anatomy. 

Alexander John Ellis, who died on October 28, devoted great 
attention to philology and to the theory of the perfection of musical 
sounds, and translated v. Helmholtz’s work, “ Tonempfindangen.” 
He had; shortly before his death, received an honorary doctor’s degree 
from the University of Cambridge. 

During the last year we have lost two out of our three senior 
Fellows, Christopher Bice Mansel Talbot, a Fellow also of the Lin- 
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nean Soc^ty, who was elected our Fellow in 1831, and, still more 
recently, in fact only a few days ago. Sir John Francis Davis, who 
was elected as long ago as 1822, and died at the very advanced age 
of ninety-six. 

The number of Fellows elected before 1847 is now reduced to 
twenty-three, so that in any statistical calculations of the effect of the 
statutes of 1847 on the number of Fellows, the present condition of 
the Society may be taken as practically normal. 

The Committee appointed in 1888 to consider the best mode of 
administrating the fund, which was inaugurated in 1882, for founding 
a memorial to our late eminent Fellow, Charles Darwin, have now 
presented their report, which has been adopted by the Council. It 
has been decided that the proceeds of the Darwin Fund be for the 
present applied biennially in reward of work of acknowledged dis¬ 
tinction (especially in biology) in the field in which Mr. Darwin him¬ 
self laboured; that the award consist of a medal in silver or bronze, 
accompanied by a grant of dBlOO; that it he made either to a British 
subject or to a foreigner, and without distinction of sex; and that the 
award should be conferred at the same time as other medals at the 
Anniversary. 

It was farther intended, in accordance with Mr. Darwin’s known 
views, that, as a rule, the award should be made rather for the work 
of younger men in the early part of their career than as a reward to 
men whose scientific career is nearly finished. 

The Committee appointed at a meetirg of the Council held imme¬ 
diately before the last anniversary meeting of the Society, to set on 
foot a memorial of onr late Fellow James Prescott Joule, have natu¬ 
rally not got quite so far in their work. They decided that the 
memorial should take an international character, and should have for 
its object the encouragement of research in physical science, and 
should also have in view the erection of some personal memorial in 
London. The subject was accordingly brought to the notice of a 
number of scientific men abroad, from many of whom favourable 
replies have been received. The Joule Committee have resolved, 
“ That the balance of the fund, after providing a suitable personal 
memorial, be transferred to the President, Council, and Fellows of the 
Boyal Society, and that the President and Council be requested to 
undertake the administration of the proceeds in such manner as may 
appear to them most suitable for the encouragement of research, both 
in England and abroad, especially among younger men, in those 
branches of physical science more immediately connected with Joule’s 
work;” and, also, “That the treasurer be instructed to retain for the 
present a sum not exceeding £300 for the expenses of the medallion, 
and hand over the balance to the President, Council, and Fellows of 
the Royal Society.” 
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This offer of the Joule Committee was accepted with tlxanks by the 
Council, but the fniHjher consideration of the steps to be taken has 
not yet been entered on. Meanwhile the treasurer of the f utid has 
handed over to the treasurer of the Broyal Society a snm of about 
£1,400. 

In 1663, when the second charter was granted to the Society, a 
body of statntes was drawn np for regnlating various matters not 
fixed by charter. Alterations have since been made from time to 
time, as provided for in the statutes themselves. The last consider¬ 
able alteration was made in 1847, when the present system was intro¬ 
duced, according to which the Council select from the candidates, 
other than those who hav^ a special privilege as to coming on for 
ballot, a definite number whom they recommend to the Society for 
election, and the election takes place on one definite day in the yeai*. 
A few changes, of less importance, have been made since that time, 
and experience has pointed out the desirability of some changes of 
detail, chiefly as regards the mode of dealing with papers- A com¬ 
mittee was appointed last session, and continued at the commencement 
of the present, to revise the whole body of statutes, with a view to 
bring them into stiicter conformity with existing practice, and at the 
same time to propose further changes, should any such appear 
desirable. The Committee have now reported; but as the session 
was near its end, and the subject was one requiring full consideration 
by the Council, the report has been merely received and entered on 
the minutes, and it has been left to the Council that is to be elected 
to-day to take such further steps as may appear to them desirable. 

Some of the proposed alterations relate to the mode of dealing with 
papers which are communicated to the Society, which is a matter‘of 
practi<Kd business that may well be left to the judgment and experi¬ 
ence of the executive body. But some points have been raised which 
it seems desirable to bring to the notice of the Fellows at large, in 
order thaii they may have an opportunity of considering them before 
a final decision is come to by the new Council. 

The question has more than once been raised whether, considering 
the increase of population and the more general diffusion of scientific 
knowledge which has taken place within the last forty years, the 
number of candidates to be selected by the Council for recommenda¬ 
tion to the Fellows for election might not now, with advantage, be 
made a little larger than fifteen, the nnmber at which it was fixed in 
1847. On this question there was considerable difference of opinion 
in the Committee, bat the majority were in favour of keeping the 
number as it is at present. 

Connected, to a slight extent, with this question is another, whether 
the Council should not have the power of recommending to the 
Fellows for election, in addition to the fifteen selected from among 
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tbe candidates on the ground of scientific merit, a strictly limited 
number of men of very high eminence in other ways. The Committee 
recommend that such a power be entrusted to the Council, the 
number of Fellows who have been thus elected, existing at any time, 
being limited to a maximum of twenty-five, and the number elected 
in any y-ear to a maximum of two. 

The question was also discussed whether the maximum number of 
foreign members, which at present stands at fifty, should be increased, 
and was decided in the negative. 

Another recommendation of the Committee which, perhaps, it may 
be as well to mention, is one enabling the Council, in any year, to 
regulate for the ensuing year the length of the Christmas and Easter 
holidays. At present the weekly meetings are resumed in the second 
week after Christmas week, and there is then no intermission till Passion 
week, although the earlier portion at least of this interval is a time 
during which papers intended for reading do not usually come in so 
frequently as towards the end of the session. According to the 
statute in force till 1-888, three of the ordinary weekly meetings 
between Whit-Snnday and the last meeting in June were cut out, by 
the Whitsun holiday, Ascension Day, and the annual election of 
Fellows; and as at that time of year papers commonly come in 
pretty frequently, there was a considerable congestion of papers 
towards the close of the session. This congestion was partially 
relieved by an alteration of the statutes, which came into force in 
1888, enacting that an ordinary meeting should he held at the con¬ 
clusion of the Annual Meeting for the election of Fellows; hut the 
fact that the proportion between the number of meetings held and 
the number of papers that come in varies a good deal with the season 
seems to render it desirable that the regulation of the number of 
meetings should he rather more elastic, and should, to some extent, 
be left in the hands of the Council. 

Since the last anniversary twenty-five memoirs have been published 
in the ‘ Philosophical Transactions,’ containing a total of 1068 pages 
and ■^72 plates. Of the * Proceedings,’ eleven numbers have been 
issued, containing 1165 pages. 

Isx the library, the work of making room for growing series, and of 
obtaining volumes or parts to complete series that were imperfect, 
has been continued. In the course of this work the Council have, 
upon the recommendation of the Library Committee, distributed some 
1500 volumes, consisting partly of duplicates and partly of works of 
small scientific value, among various public institutions. The cata¬ 
logue of the manuscripts, which I mentioned in my last year’s 
address as about to he commenced, has been completed during the 
past session. The maps and charts, the pictures and busts, have also 
been catalogued ; and the collection of the manuscripts of memoirs 
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in tlie * Philosophical Transactions,’ the ‘ Proceedings,’ and the 
‘ Archives,’ having been completed, the binding of them is now going 
forward. 

The Royal Society has always been ready to assist the Government 
of the day when requested so to do, by expressing its opinions or 
offering its advice on questions involving special scientific knowledge. 
Last year I received, as yonr President, a request from the President 
‘of the Board of Trade that I should, in conjunction with two Fellows 
of the Royal Society nominated by me in consultation with the 
Council, examine a report in two parts presented by the Corporation 
of the Trinity House to the Board of Trade, relative to Lighthouse 
Illuminants, and express our opinion whether the conclusions of the 
Trinity House, as set forth in their Reports, are justified by the 
records of the experiments contained therein. Lord Rayleigh and 
Sir William Thomson were asked, and consented, to join me as 
referees, and onr Report was some time ago sent in to the Board of 
Trade, and is now in the hands of the public. 

Another subject in which scientific principles are blended with 
practical application, is that of colour blindness in its relation to the 
correct perception of coloured signals used at sea and in the railway 
service. It is easy to understand what serious accidents might be 
occasioned, for instance, by confusing red with green; and so well is 
the liability to such confusion, arising from a not very rare abnormal 
condition of colour perception, understood at the present day, that 
persons who propose to engage in service at sea or on the railways 
are now, as a matter of course, exauiined as to their-perception of 
colour. But, glaring as the difference between red and green appears 
to persons whose vision is normal, the detection of those who are 
liable to confound them, and who, for the most part, are quite un¬ 
conscious that they see colours differently from people in general, is 
by no means so easy as it might appear at first sight; and there 
appeared reason to think that sometimes the tests applied are defec- 
tive, and let pass persons who are afflicted with this peculiarity of 
vision, while, on the other hand, they may lead to the rejection of 
peTOons whose vision is normal, perhaps, after they have engaged as 
they hoped for life in an employment for which normal vision is 
demanded. Mr. R. Brndenell Garter wrote a letter to ns suggesting 
that we should appoint a committee to investigate the subject of 
colour blinduess, and after discussion of this proposal I was requested 
to write a letter to the President of the Board of Trade informing 
him that, should the Government desire it, the Council will be pre¬ 
pared to appoint a committee to consider the whole question of colour 
blindness. A reply was received from the Board thanking us for the 
communication, and saying that they regarded with satisfaction the 
proposal of the Council to appoint such a committee. A committee 
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has accordiDgly been appointed, and has held several meetings, and 
examined several witnesses; but the subject is a wide one, and the 
committee have not yet brought their labours to a close. 

The proceedings of to-day bring to an end my long tenure of office 
in the Eoyal Society, which has extended now over thirty-six years, 
during the last five of which I have held the honourable office of 
your President. I am deeply sensible of the kindness which I have 
always experienced from the Fellows, and of the indulgence with 
which they have overlooked my deficiencies, due, in part, to the 
pressure of other work. It cannot be without a strong feeling of 
regret that I come to the close of an official connexion with the 
Society that has now extended over fuU half my life. But I feel 
that it is time that I should make way for others, and that I should 
not wait for those infirmities which advancing years so often bring in 
their train; besides which there are personal reasons which led me 
to request the members of the Council not to vote for my nomination 
for re-election as your President. 

And now it only remains to me, as virtually my last official act as 
your President, to perform the pleasing duty of delivering the medals 
which the Society has to award to the respective recipients of those 
honours. 

The Copley Medal has been awarded to our Foreign Member, Pro- 
fessco: Simon Kewcomb, who has been engjiged during the last thirty 
years in a series of important researches, which have contributed 
greatly to the progress of gravitational astronomy. Among his 
labours in this field may be mentioned his able discussion of the 
mutual relations of the orbits of the Asteroids, with reference to 
Olbers’ hypothesis, that they were formed by the breaking up of a 
ring of nebulous matter, his discussion of the orbits of Uranus and 
Neptune, and of the orbit of the Moon. Recently he has turned his 
attention to Saturn’s satellites, and has investigated the remarkable 
action of Titan on Hyperion. For many years back he has chiefly 
been engaged in perfecting the tables of the Moon; and in his 
important work, “Researches on the Motion of the Moon,” he 
has discussed observations of eclipses and occultations previous to 
1750, with the important practical result that by the removal of an 
empirical term of long period from Hansen’s lunar tables, and by an 
empirical alteration of another term of long period, he is enabled to 
represent satisfactorily the observations of the Moon from 1(>25 to 
the present time. 

The Rumford Medal has been awarded to Professor H. Hertz for 
his work on Electro-magnetic Radiation. 

One of the most remarkable achievements of the late Professor 
Clerk Maxwell was his electro-magnetic theory of light, in which it 
wa^ shown that a certain velocity, determinable numerically by purely 
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electrical experiments, and expi^ssing theoretically the velocity of 
propagation of electro-magnetic disturbance, agreed within the 
limits of error of experiment with the known velocity of propagation 
of light; and accordingly that we have strong reason for believing 
that light is an electro-magnetic phenomenon, whatever the appro¬ 
priate physical idea may hereafter prove to be which we onght to 
attach to the propagation of an electro-magnetic disturbance. But as 
yet no means existed by which phenomena, such as those of inter¬ 
ference, which are bound np with the propagation of nndnlations, 
could be exhibited by pttrely electrical means. Professor Heitz was 
the firet to detect electro-magnetic waves in free space by his inven¬ 
tion of a suitable receiver, consisting of what may be called a 
resonating circuit, which gives visible sparks whan immersed in a 
region of sufficiently intense electric radiation. 

By reflection, refraction, and interference experiments, he has 
further verified the nndulatory nature of the disturbance near a qnick 
electric oscillator, such as had been suggested by Professor Fitzgerald, 
on the basis of Clerk Maxwell’s electro-magnetic theory of light, and 
Sir W. Thomson’s theory of the oscillatory character of a Leyden jar 
discharge. 

These important researches contrihute powerfully to the induce¬ 
ments we have to refer the phenomena of light and electricity to a 
common cause, different as hitherto their- manifestations have been; 
and by this means the theory of each may be advanced through what 
we know of the other. 

One of the Royal Medals has been awarded to our Fellow, Dr. 
David Feriier, for bis researches on the localisation of cerebral 
functions. 

We owe to his experiments on monkeys, animals which he was the 
first to use for this purpose, the beginning and indeed the greater 
part of our knowledge of cerebral localisation in man. Prom patbo- 
logical observations, Broca located the centre for speech in the third 
left frontal convolution, but with this exception nothing was known 
of cerebi^l localisation in man until Dr. Perrier commenced his 
experiments in 1873. 

Pritsch and Hitzig in 1870 had observed that definite movements 
could be obtained by electrical irritation of the cerebral cortex in the 
dog, and this indicated the existence of localised motor areas in the 
brain. They did nothing, however, towards localising sensory centres, 
and even in regard to the motor centres their observations were very 
limited. Their experiments, moreover, were confined to dogs, and it 
may be doubted whether any great or rapid advance would have been 
made had not Perrier hit upon the happy device of experimenting 
upon monkeys, whose brains present a great similarity in the arrange¬ 
ment of the convolutions to those of man. By employing these 
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animals, lie 'was aHe to map ont tlie mot^t important yaoior areas 'witli 
great precision; but, not content witb the investigation of motor 
centres, he experimented on the localisation of sensory centres in the 
brain, and not only showed the existence of such centres, but deter¬ 
mined their position. And if in the numerous observations which 
have been subsequently made by other inquirers results somewhat 
differing from his own have been obtained, the main outlines of 
his conclusions have been confirmed. As so often happens, these 
researches, purely scientific in the first instance, have been turned to 
practical account. Dr. Ferrier himself predicted the application of 
cerebral localisation to cerebral surgery. This application others have 
already made, and his prediction is now being fulfilled with brilliant 
results. 

The other Royal Medal has been awarded to our Fellow, Dr. John 
Hopkinson, for his researches in magnetism and electricity. 

Dr. Hopkinson’s researches in magnetism comprise investigations 
of the effect of temperature upon the magnetic properties of iron, 
nickel, and various alloys of these metals Q Phil. Trans.,’ 1889, A, 
p. 443). It was known that for small magnetising forces the mag¬ 
netisation of iron, nickel, and cohalt increases with increase of 
temperature until we approach a certain temperature, which may be 
called the critical temperature, on passing which the magnetism almost 
suddenly disappears. Dr. Hopkinson’s experiments show that for small 
magnetising forces not only does the magnetisation increase with rise 
of temperatnre, but on approaching the critical temperature the 
increase becomes extremely rapid, and then, on still further increase 
of temperature, the magnetism suddenly almost entirely disappears. 
He has further determined the critical temperature for various 
samples of iron and steel. He has also measured the rapid change 
which takes place in the temperature coejScient of electrical resistance 
in the neighbonrhood of the critical temperature, and has shown that, 
as had been conjectured, it is really at the critical temperatnre that 
the phenomenon of recalescence takes place. 

Dr. Hopkinson’s contributions to the theory of dynamo-electric 
machinery are most important. The method, now so extensively 
used, of solving problems relating to dynamos by the use of what 
M. Deprez has called the characteristic curve,” is due to him. 

He has also made a series of determinations of the specific induc¬ 
tive capacities and refractive indices of a large number of transparent 
dielectrics, the results of which are of great importance in the 
theories of electricity and light. 

The Davy Medal has been awarded to Professor Emil Fischer for 
his discoveries in organic chemistry, and especially for his researches 
on the carbo-hydrates. 

To him, m conjunction with Otto Fischer, we owe the determina- 
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tion of tie coTTstitutioH of rosaniline, a most valuable dje-stofP, and 
the typical member of a very large group of important dyes. 

He is the discoverer of phenylhydrazine, one of the most im- 
]>ortant of the reagents placed at chemists’ disposal within recent 
years, and he has most exhanstively studied the behaviour of this 
substance and its congeners. The hydrazines have also been employed 
by Fischer in preparing indole derivatives, among others, skatole, 
and the study of a class of substances of considerable physiological 
importance has thereby been rendered possible. 

During the past seven years Fischer has devoted his attention to 
the study of the sugars, and has obtained most marvellous results, 
having succeeded in preparing, by purely artificial methods, the 
known sugars dextrose and levnlose, as well as other isomeric sugars, 
and having established the relationship of the various members of the 
glucose group. He has, in addition, determined the constitution of 
milk-sugar and of starch-sugar—the isomer of cane-sugar formed on 
hydrolysing starch. He has also prepared ‘‘‘glucoses” containing 
seven, eight, and nine atoms of carbon, and has established the 
remarkable fact that only those which contain three, six, or nine 
atoms of carbon are fermentable by yeast. His researches are not 
only of the highest value to chemists, but also of extreme importance 
to physiologists, on account of the insight which they promise into the 
processes concerned in the natural formation of sugars. 

The Darwin Medal has been awarded to Mr. Alfred Russel Wallace 
for his independent origination of the theory of the origin of species 
by natural selection. 

It was natural that this, the first, award of the Darwin Medal 
should have been made to one who independently originated the 
theory, since named that of natural selection, which, in conjunction 
with his other numerous and important contributions in the domain 
of natural history^ has made the name of Darwin so famous, and 
who made known a large series of important and novel observations 
in support of that theory, the resultof many years’ work in the Malay 
Archipelago. These views Mr. Wallace has subsequently most ably 
advocated in various published works, among others his laborious 
volumes on the ‘ Geographical Distribution of Animals,’ his brilliant 
‘ Island Life,’ and more recently his ‘ Darwinism,’ which was 
published only last year. 

The Statutes relating to the election of Council and Officers were 
then read, and Mr. Common and Mr. Symons having been, with the 
consent of the Society, nominated Scrutators, the votes of the Fellows 
present were taken, and the following were declared duly elected as 
Council and Officers for the ensuing year;— 
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Fresident —Sir William Thomson, D.O.L., LL.D. 

Treasurer ,—John Evans, D.C.L., LL.D. 

, r Professor Michael Poster, M.A., M.D. 

Secretaries ,—Lord Eayleigh, M.A., D.C.L. 

Foreign Archibald Geikie, LL.D. 

Other Members of the Goimcil, 

Professor William Edward Ayrton; William Henry Mahoney 
Christie, M.A.; Professor W. Boyd Dawkins, M.A,; James Whitbread 
Lee Glaisher, D.Sc.; Hugo Muller, Ph.D.; Professor Alfred iN’ewton, 
M.A,; Sir William Boberts, M.D.; William Chandler Roberts- 
Ansten, P.C.S,; Professor Edward Albert Schafer, M.R.O.S.; Sir 
George Gabriel Stokes, Bart, M.A.; Lieut,-General Richard Strachey, 
B.E.; Professor Joseph John Thomson, M.A.; Professor Thomas 
Edward Thoipe, B-Sc.; Sir William Turner, M.D,; Professor Sydney 
Howard Vines, M.A,; General James Thomas Walker, C.B, 

The thanks of the Society were given to the Scrutators. 
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Divideml ........... 19 10 0 „ On Deposit on beunJi ol the Coininiilee 



















48B Appropriation of the Government Grant [Dec, 

The following Table shows the progress and present state of the 
Society with respect to the number of Fellows :— 


; Patron 

1 and 
Eoyul. 

Foreign. 

Cora- 

[lounderti. 

£4 

yearly. 

’ £3 

yeai*ly. 

Total, 

Nov. 30, 1889 .. 5 

47 

176 

151 

139 

518 

Since Elected .. 

^ 3 

+ 3 


+ 1-' 

+ 18 

Since Deceased .. 

1 - 1 ■ 

' - 11 

— 5 

- 1 

1 

oo 

Defaulter .., 

1 i 

1 j 

•• 

- 1 

1 

- 1 

Dec. 1, 1890 ..! 5 

I 1 

4.9 

1 ^ 

1 

i ' 

145 

j 150 

517 


Account of the a{>propnation of the sum of £4,000 (the Govern¬ 
ment Grant) annually voted by Parliament to the Royal 
Society, to be employed in aiding the advancement of 
Science (continued from VoL XLVI, p. 469). 


1889-1890. 

E. Nevill, for continuing his Deduction of the Corrections to 

the Theory embodied in Hansen’s Lunar Tables. 

P. Smyth, for further Researches in Spectroscopic Measure¬ 
ment of Ultra Definition and Extreme Separation.. 

J. N. Lockyer, for Astrophysical Observations, including 
Long Exposure Photographs of the Spectra of Xebulse with 

Comparison Spectra .. 

G. Higgs, for the Production by means of Photography of a 
Map of a Normal Solar Spectrum from w. 1. 3,000 to 10,000.. 
G. Davison, for tlie Preparation of the Bibliogi'aphy of 

Seismology (1800-83)... 

A. M. Worthington, for an Investigation of the Relation 

between Tensional Stress and Strain in Liquids. 

Dr. J. W. Tripe, for further Aid in Providing Assistance 
for the Discussion of Observation of Thunderstorms in 

1888-89..... 

Prof. W. Ramsay, for an Investigation of the Ratio be¬ 
tween the Specific Heat at Constant Volume and at Constant 
Pressure of (primarily) Ether-gas. 


£ 

50 

100 

125 

50 

10 

40 

30 

60 


Carried forward 


£465 
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£ 

Bronght forward . 465 

J. I. Plnmmer, for Beducing and PnblisMng Observations of 

Eight Comets and for farther Observations .. 50 

Profs. Biicker and Thorpe, for a further Magnetic Survey of 

the United Kingdom... 600 

Colour-vision Committee of the Bojal Society. 100 

J. B. Cohen, for a Research on the Constitution of the Com¬ 
pounds of Ammonia with Sulphuretted Hydrogen .. 50 

W. H. Perkin, jun., for further Research on the Constitution 

of the Alkaloid Berberin........ 50 

P. R. Japp, for an Investigation of the Reactions of Ketones, 

Diketones, and Allied Compounds. 75 

Gr. J. Bui’ch and J. E. Marsh, for Continuation of their Re¬ 
searches on Amine Yapours.. 50 

A. Smith, for a Research on the Synthesis and Properties of 
1 : 8- and 1 : 4-Diketones....... 10 

S. Pickering, for an Investigation on the Kature of Solutions, 

and the Law of the Freezing Points of Solutions. 50 

Dr. F. S. Kipping, for an Investigation of the Action of 

Phosphoric Anhydride on Fatty Acids.-. 25 

A. P. Laurie, for Continuation of Researches on the Com¬ 
position of Alloys..... 40 

Prof. W. R. Dunstan, for further Investigation of the Con¬ 
nexion between the Chemical Constitution of certain Organic 

Nitrites and theii* Physiological Action... 50 

Dr. C. R. A. Wright, for further Researches on Ternary 
Alloys.-.. 50 

T. R. Marshall, for a Research on the Constitution of 

Diacetyl Tetramethylene Carboxylic Acid, and three other Re¬ 
searches ..—... 15 

S. Ruhemann, for a Research on Mucic and Saccharic Acids 20 
Gr. S. Turpin, for a Research on the Ignition of Explosive 

Gaseous Mixtures.... 50 

H. Gordon, for an Investigation of the Question whether 
Direct Isomeric Change of Meta- into Para-compounds, or of 
Ortho- into Meta-compounds, is possible in the Benzine Series 20 
^ Prof. Armstrong, for the Study of Naphthalene Derivatives 
with the object of determining the Laws which govern the 
Formation of Substitution Derivatives of Benzenoid Hydro¬ 
carbons ..... 100 

P. J. Hartog, for the Completion of a Thermochemical Re¬ 
search on the Sulphides ...... 50 


Carried forwaj'd.£1,920 
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£> 

Bronght forward . 1,920 

W. C. Williamson, for fnrtlier Research on the Organisation 

of the Fossil Plants of the Coal-measnres.. 50 

R. Kidston, for a Research on the Vertical and Horizontal 

Distribution of British Paljeozoic Flora. 40 

Scientific Committee, Royal Horticultural Society (per D. 

Mon*is), for an Inquiry into the Composition of London Fog, 
with special I’egard to the Constituents of Fog injurious to 

Plant-life. 100 

Dr. G. H. Fowler, for Researches connected with the 

Bionomics of certain Lower Cnistacea ... 150 

Prof. J. R. Green, for Continpation of Researches into the 

Processes of Germination in Plants.... 30 

T. Johnson, for further Investigation of Obscure or Unknown 
Points in the Florideae... 25 

F. E. Beddard, for a Research on the Struclnre of the 

Oligoehaeta. 50 

B. R. Lankestei', for farther Investigation of Larval Develop¬ 
ment of Amphioxus ...... 100 

G. Massee, to pi'epare a Monograph of the Myxogastres, and 

to investigate the Life-history of Typical Members of the 
Group , ..... 50 

Liverpool Marine Biological Committee (per Prof. Herdman), 
for the further Exploration of the Fauna and Flora of Liver¬ 
pool Bay. 50 

W. Beape, for an investigation of the Phenomena of Men¬ 
struation and Ovulation, and of the Early Stages of Develop¬ 
ment of the Monkey .. 100 

West Indies Committee (per D. Morris), for further Aid in 
Collecting and Describing Fauna and Flora in the less known 

West India Islands. 100 

R. Irvine, for a Research on (1) the Solvent Power of Sea¬ 
water upon Carbonate of Lime ; (2) the Secretion of Silica. .. 100 

J. T. Cunningham, for a Month in Norway to get Developing 

Eggs of Myitine glutinosa . 40 

E. A. Schafer, for Continued Investigations into the Func¬ 
tions of the Brain of Monkeys .... 100 ^ 

W. Hale White, for further Investigation of the Effect upon 
Bodily Temperature of Lesions of the Corpus Striatum and 

Optic Thalamns. 50 

Prof. P. F. Frankland, for further Study of the Chemical 
Changes induced by Specific Micro-organisms ... 50 


Carried forward 


£8,105 
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£ 

Bronglifc forward.. 3,105 

W. MacLennan, for an Experimental Investigation into all 

the Known and Isolated Alkaloids of Opium.... 15 

W. D. Halliburton, for further Researches on the Chemical 

Physiology of the Animal Tissues..... 50 

Dr. J. E. Bradford, for a further Investigation into the Func¬ 
tions of the Kidney..... 75 

Dr. Lingard, for farther Researches as to the Relation exist¬ 
ing between the Foetus and its Mother... 40 

Drs. Gulland, Edington, and Ritchie, for the Purchase of 

two High-power Objectives for Research Purposes. 50 

Prof. Tait, for Aid in an Investigation on the Duration of 

Impact........ 30 

W. T. Thiselton Dyer, to enable Mr. Gustav Mann to 
accompany, as Botanist, the Delimitation Commission in 

Sierra Leone .... 100 

J. B. Farmer, to enable him to Proceed -do Ceylon to Study 
the Morphology of the Hepaticse..... 100 


£3,565 


Dr. 

£ «. d. 

To Balance, yovcmber 30, 1880 . 61 2 4 


„ Grant from Treasury. 4,000 0 0 

„ Repayments . 33 1 0 

„ Interest on Deposit. 38 1 10 


Cr. 

£ «. d. 

By Appropriations, as 

above......3,o65 0 0 

„ Salaries, Printing, 

Postage, Advertis¬ 
ing, and other Ad¬ 
ministrative Ex¬ 
penses . 104 7 3 

„ Balance, Nov. ^ 30, 

1890 . 460 18 8 


£4,130 5 11 


£4.130 5 11 
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A Gcount of Grants from the Donation Fund. 


Account of Grants from the Donation Fund in 1889-90. 

£ h\ d. 

Prof. Schafer, to assist Messrs, Bradford and Dean in a 


Research on the Vasomotor Nerves of tlie Pulmonary 

Vessels.... — ... 15 0 0 

Prof. Ur. H. Darwin, towards the Payment of Computers 

for the Reduction of his Tidal Observations. 25 0 0 

The Astronomer Royal, to assist Mr. Downing in Com¬ 
puting the Orbit of the Minor Planet Juno. 10 10 0 

G- J. Symons, in Aid of Expenses connected with the 
construction of his Broutometer. 100 0 0 


£150 10 0 







Report of the Kew Committee for the Year ending 
October 31, 1890. 


The operations of The Kew Ol^ervatory, in the Old Deer Park, 
Richmond, Surrey, are controlled by the Kew Committee, which is 
constituted as follows: 


Mr. F. Galton, Ghamnan, 


Captain W. de W. Abney, C.B., 
R.E. 

Prof. W. G. Adams. 
Staff-Commander E. W. Creak, 

Prof. G. C. Foster. 

Admiral Sir G. H. Richards, 
K.C.B. 


The Earl of Rosse, K.P. 

Prof. A. W. Riicker. 

Ml*. R. H. Scott. 

Lieutenant-General R. Sti-achey, 
C.S.I. 

General d. T. Walker, C.B. 
Captain W. J. L. Wharton, 
R.K. 


The work at the Observatory may be considered under the fol¬ 
lowing heads:— 

1st. Magnetic observations. 

2nd. Meteorological observations. 

3rd. Solar observations. 

4th. Experimental, in connexion with any of the above depart¬ 
ments. 

5th. Yerification of instruments, 

6th. Rating of Watches and Marine Chronometers. 

7tb, Miscellaneous. 


I. Magnetic Obseevations. 

Throughout the past year the magnetographs have worked in a 
satisfactory manner. In accordance with the usual practice, determina- 
,tions of the scale values of all the instruments were made in January 
last. 

The values of the ordinates of the different photographic curves 
then determined, as follows:— 

Declinometer: 1 inch = 0^ 22'*04. 1 cm. = 0® 8'* 7. 

Bifilar, January 10, 1890, for 1 inch = 0*0278 foot grain unit. 

„ 1 cm. „ = 0*00050 C.G.S. unit. 
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Hepori of the Kew Committee, 

Balance, January 13, 1890 for 1 incli oY= 0*0296 foot grain unit. 

„ 1 cm. „ = 0*00054 C.G.S. unit. 

In the case of the YerticaJ force magnetometer, it was found neces¬ 
sary to re-adjust the instrument, and as at the same time its sensi¬ 
bility was slightly altered, the scale value was again determined, with 
the following result:— 

Balance, January 21,1890, for 1 inch hY = 0*0284 foot grain unit. 

„ 1 cm. „ = 0*00051 C.G.S. unit. 

With regard to magnetic disturbances, no very exceptional move¬ 
ments have been recorded during the year. 

The principal disturbances were on the following dates :—November 
1 and 26—28,1889. 

The monthly observations of Horizontal Force, Inclination, and 
Declination with the absolute instruments have been made in accord¬ 
ance with the usual practice. 

Information on matters relating to terrestrial magnetism and 
various data have been supplied to Professors Thorpe and Riieker, 
Dr. van Rijckevorsel, Dr. Atkinson, Professor Chistoni, and Captain 
Schuck. 

Magnetic Sub-Gommittee. —Professors W. G. Adams, A. W. Bxicker 
and Captain Creak having been requested by the Committee to act as 
a sub-committee to consider the form to be employed in framing the 
Appendices to this Report, have held two meetings. They decided 
that in future the Magnetic and Meteorological Appendices should 
be presented to the Royal Society as soon after the 1st of January 
as possible, instead of accompanying the Report itself, and therefore 
closing with September 30th as heretofore. This arrangement will 
take effect with the present issue. 

At the suggestion of Professor Rucker, the Kew Magnetical Decli¬ 
nation results for the years 1883,1886, and 1887 have been recently 
discussed in a paper published by the Physical Society of London in 
their Proceedings, entitled “ On the Diurnal Variation of the Magnet 
at Kew,” by "Messrs. Robson and Smith. These gentlemen, students 
in the physics class at the Royal College of Science, kindly gave their 
assistance in the labour of tabulation and computation. 

At the request of Professors Thorpe and Rucker, facilities have been^ 
afforded to Messrs. Gray and Briscoe, who are also attached to the 
physical laboratory in the Royal College of Science, South 
Kensington, to make magnetic base observations f:^om time to time at 
Kew, with the view of their employment in the Magnetic Survey of 
Great Britain and Ireland now in progress on a more extended scale 
than that on which it has before been carried out. 
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II. MsTEOROLoaicAL Obsbe?ations. 

The several self-recording instruments for the coutinnons registra¬ 
tion respectively of Atmospheric Pressure, Temperature, and Humidity, 
Wind (direction and velocity). Bright Sunshine, and Rain have been 
maintained in regular operation throughout the year. 

The standard eye ol^ervations for the control of the automatic 
recoi’ds have been duly registered, together with the daily observa¬ 
tions in connexion with the U.S. Signal Service synchronous system. 

The tabulations of the meteorological traces have been regularly 
made, and these, as well as copies of the eye observations, with 
notes of weather, cloud, and sunshine, have been transmitted to the 
Meteorological Office. 

With the sanction of the Meteorological Council, data have been 
supplied to the Council of the Royal Meteorological Society, the 
editor of ‘ Symons’s Monthly Meteorological Magazine,’ Br. Rowland, 
and others. 

Tables of the monthly values of the rainfall and temperature have 
been regularly sent to the Meteorological Sub-Committee of the 
Croydon Microscopical and Hatural History Club for publication in 
their Proceedings. Detailed information of all thunderstorms ob¬ 
served in the neighbourhood during the year has been forwarded 
to the Royal Meteorological Society, soon after their occurrence. 

JEledrograph .—This instrument has been in constant action through¬ 
out the year, and comparisons with the portable electrometer 
have been made from time to time. 

‘ Times ’ Weather Chart .—^The supply of the chart exhibiting copies 
of the daily traces of the self-recording meteorological instruments at 
the Observatory ceased by instructions fi’om the ‘Times’ offilce in 
March last, after continuous publicatiou for 14 years. 

The fog gauge set up on the north side of the Observatory in 1884 
has been recently dismounted, as it has not been found possible to 
measure the intensity of this phenomenon by its means. 

Fwrt WiUiam Observatory .—At the request of the Meteorological 
Council, a barograph and a thermograph which have been stored at 
Kew Observatory since their return from Armagh Observatory in 
1886 have been thoroughly re-fitted, and, after a short experimental 
trial, were re-packed and forwarded to the new Observatory at Port 
William for use at the low-level station worked in conjunction with 
the Observatory erected on the summit of Ben Hevis. 

In June last, on receipt of information from Mr. Omond, the super¬ 
intendent of the fien Hevis Observatory, that the new building was 
ready for the reception of the instruments, Mr. T. W. Baker proceeded 
to Fort William and set them np and put them iu proper adjustment. 
Having done this, and instructed Mr. Omond in their manipulation 
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and tlie attendant photograptiic operations, lie returned to Kew, 
leaving tlie establishment in good working order on July 14. 

Owing to the cost of gas, mineral oil is used as the illuminant, as is 
the case at Valencia Observatory also. 

III. Solar Observations. 

Sketches of Sun-spots have been made on 198 days, and the groups 
numbered after Schwabe’s method. 

Time Signals ,—These have been received with great regularity all 
through the year, failure in transmission having only occurred on 
six days, on one of which the signal was duly received at the proper 
time, but was not recorded, the chronograph clock having been 
deranged by an accident. 

Transit Observations ,—Solar and sidereal transits have been occa¬ 
sionally observed as a check on the signalled times. 

During the past summer 22*5 series of observations of the Sun’s 
actinic power have been made with Yiolle’s actinometer, described 
in the last Annual Report, upon the plan arranged by Greneral 
Strachey and Mr. Blanford. Copies of the instrumental readings will 
be transmitted to the Meteorological Office for discussion, the cost of 
the expei'iments being defrayed by that establishment. 

By the kindness of Mr. C. Baker, of High Holborn, the Observa¬ 
tory has received the original sunshinb record cards obtained by the 
late Mr. Rand Capron, F.R.A.S., at his observatory near Guildford, 
Surrey, during the years 1880 to 1887. 

The Winstanley radiograph, deposited at the Observatory‘in 1880, 
was recently repaired at the suggestion of Mr. R. H. Scott, and set 
up on the lawn. Its action is, however, not considered satisfactory, 
and it has been decided to return it to the owner. 

IV. Expetrimental Work. 

The Medfical Anemograph^ after working on the staging erected 
on the roof, 14 feet to the north of the Beckley instrument, and 
recording by means of a battery composed of eighteen Fuller’s cells, 
was dismounted on July 22, and packed for storage. During the 
period it was at work, the traces were forwarded weekly to the 
Meteorological Office. 

Oils .—At the request of the Meteorological Office, various speci- ” 
mens of lubricating oils have been applied to the gearing of the 
anemograph with the view of determining the best for use under the 
varying conditions to which it is exposed. 

Pendulums .—The swinging of the invariable pendulums at the 
Royal Observatory, Greenwich, having been completed during the 
past winter, the apparatus was dismounted and returned to Kew, 
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•where it is now stored awaiting further disposal A paper describing 
the operations^ and giving full details of the values of the vibration 
numbers obtained at Kew and at Greenwich, has been contributed to 
the Royal Society by General Walker (see ‘Phil. Trans./vol. 181, A, 
p. 53?). The result shows the number of vibrations made by a 
seconds' pendulum in one day to be 0*64 greater at Kew than at 
Greenwich. 

Cloud Photographs .—At the suggestion of General Strachey, Chair¬ 
man of the Meteorological Council, a new departure has been made in 
the photography of clouds during the past year, with the view of 
simplifying the operations of determining the height and velocity of 
their movement. Both cameras have been rigidly fixed on their 
stands, with the axes of their lenses pointed directly to the zenith, 
and photographs are now taken simultaneously of the area of the sky 
surrounding the zenith within a circle of a radius of about 15". 
These photographs are superposed one on the other, so tLat the 
two pictures shall appear to coincide, and a simple measurement of 
the distance between the images of the zenith points, which are 
marked by intersecting lines, gives a means of readily determining 
the height of the cloud above the surface of the ground. A second 
measurement made in like manner of the displacement of the zeniths 
in a second pair of photographs taken after a given interval of time 
serves to show the rate of travel of the cloud and the direction in 
which it is moving at the instant of ohseiwation. Twenty groups of 
clouds, giving heights extending from 1| miles to 8 miles, and rates 
of motion from 5 miles to 64 miles per hour, have been photographed 
and measured in this manner during the past summer. 

A wooden frame, 12 feet in height, has been constructed, which is 
occasionally erected above each of the cameras in order to verify the 
position of their zenith points and the orientation of the cross lines on 
the photographic plates. 

Y. YeRIFI CATION OF INSTRUMENTS. 

The following magnetic instruments have been purchased on com¬ 
mission and their constants determined:— 

1 Inclinometer, for Padre Denza, Rome. 

2 Collimator magnets for Professor Chistoni, Italy. 

.. 1 Pair of dip needles for Hong Kong Observatory. 

1 Pair of small dip needles for Senhor Capello. 

A single dip needle repaired for Professor Mielberg. 

Sextant Testing .—This branch of the work of the Yerification 
Department has been very active during the past year, 346 instruments 
having been examined and certified, and tables of corrections 
supplied. Owing to the decay of the photographed scales of some of 
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the collimators through damp, it was thought advisable to fit new and 
improved scales to all of them. On being furnished with the 
necessary drawings, Captain Abney kindly had the set of photographs 
made in his laboratory, and they were duly fitted to the collimators 
by Mr. Adie. 

Care was taken to replace them exactly in the same positions 
as those occupied by the old scales, and after they were set up a re¬ 
determination of all the angles was very accurately made and recorded 
for future use. 

Steps have recently been taken with a view of fitting electric lamps, 
worked by a storage battery, to the instrument for testing the 
parallelism of the dark shades, in order that this operation may be 
performed in the absence of brilliant sunshine, a condition which 
has hitherto rendered it impossible to complete the examination of 
these shades in cloudy weather. 

Sextant Telescopes ,—The Committee, having had their attention 
drawn to the low optical power of some of the telescopes supplied 
with sextants submitted.to them for examination, have given instruc¬ 
tions that no certificate of the highest class should be issued with any 
instrument if the telescope is* not capable of distinguishing the 
smallest angle exhibited by the division of the graduations on the arc 
of the sextant. 

The Hydraulic Fress used for testing the behaviour of deep sea 
thermometers under hydrostatic pressures of 3^ tons per square inch 
is not capable of exerting the higher pressures now required by the 
Admiralty for thermometers employed in the deeper soundings. 

The qr estion of strengthening the press was submitted to Messrs. 
Armstrong and Co., who reported that the cost of doing so would 
exceed the sum the Committee could afford to expend upon the 
apparatus. 

Normal Thermometers .—The Committee having considered the 
desirability of having some thermometers accurately compared with 
the hydrogen thermometer of the Conservatoire des Poids et Mesures, 
at Paris, instructed Mr. Whipple to convey to the director of that 
office the set of three closely graduated mercurial thermometers, 
whose calibration errors were investigated in 1879, by Professors 
T. E. Thorpe and Eiicker (see ‘British Association Report/ 1881, 
p. 540), and also an alcohol thermometer graduated at Kew for the 
special purpose of the comparison, its scale extending from —100° to' 
+90° Faht. The examination of these thermometers has now been 
completed, and M. Benoit has sent his report upon them to Kew 
Observatory. 

In addition to the usual instruments submitted for verification, the 
Committee have been called upon for special examination and reports 
ii;ferring to the fallowing articles: the Admiralty, for a Gun Directcr 
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Teleeeop^ a»d new pattern Officer’s Telescope; tlie War Office for a 
If^^ometer supplied to the Netley Hospital; and the makers for a new 
Watkin’s Clinometer, and Watkin’s Aneroid with open scales; as 
well as various instruments for the Anglo-German Boundary Com¬ 
mission on the Gold Coast. 

List of Fees ,—The Chairman of the Committee, with a view of 
making the public more conversant with the systems of verification 
and rating in use at the Observatory, prepared in the early part of the 
year a pamphlet entitled Tests and Certificates of the Kew Ob¬ 
servatory.” Of these 1,000 copies were printed, of which 200 have 
been distributed to the principal opticians and instrument makers, 
and others sold to the general public. 

The total number of other instruments compared in the pa^t year 


was as follows:— 

Air-meters .. 5 

Anemometers. 14 

Aneroids .. 62 

Artificial horizons... 3 

Barometers, Marine. 134 

„ Standard. 44 

,, Station. 28 

Binoculars .. 336 

Compasses... 17 

Hydrometers.:... 364 

Inclinometers . 1 

Magnets... 2 

• ITavy Telescopes .. 152 

Bain Gauges. 15 

Bain Measures... 33 

Sextants... 346 

„ Shades .... 78 

Sunshine Becorders. 3 

Theodolites .. 5 

Thermometers, Arctic.. 71 

„ Avitreous or Immisch’s. 346 

„ Chemical . 63 

„ Clinical . 12536 

„ Deep sea.... 40 

„ Meteorological ... 4901 

„ Mountain . 24 

„ Solar radiation.. 44 

,, Standards. 100 

Unifilars. 3 

Total...... 19770 
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Daplicate copies of corrections liave "been supplied in 63 cases. 

Tlxe number of instruments rejected on account of excessive 
error, or wbicb from other causes did not record with sufficient 


accuracy, was as follows:— 

Thermometers, clinical.* 23 

„ ordinary meteorological. 20 

Various . 150 


3 Standard Thermometers have also been calibrated, and supplied 
to 3 applicants during the year. 

There are at present in the Observatory undergoing verification, 
4 Barometers, 777 Thermometers, 51 Hydrometers, 14 Sextants, and 
42 Telescopes. 

The increase in the number of sextants verified during the past 
year has been considerable, 346 instruments of that kind having been 
tested, whereas the greatest number in any previous year has been 
292. 

VI. Rating of. Watches. 

During the year 513 entries of watches for rating were made. 
They were sent for testing in the following classes:— 

Bor class A, 450; class B, 49 ; and class 0, 9 ; subsidiary trial, 5. 

Of these 128 failed to gain any award; 10 passed with 0, 41 with B, 
329 with A certificates, and 34 of the latter obtained the highest, 
class A especially good, , . . 

In the Appendix will be found statements giving the results of 
trial of the 26 watches which obtained the highest numbers of marks 
during the year, the highest position being attained by Mr. A. E. 
Eridlander, of Coventry. His watch was a keyless double roller with 
going barrel, which obtained 86*1 marks out of a possible 100. 

At the request of several watch makers, the Committee have slightly 
modified the regulation for the granting of certificates for watches 
which have been rated. The chief alteration is in the conditions 
requisite for affixing the words especially good to a Class A certificate. 
These are now simplified so that all watches which have 80 marks 
and upwards awarded to them after trial are entitled to be charac¬ 
terised as especially good. 

Marine Chronometers ,—Certificates showing the mean daily rate 
and the variations of rate at three different temperatures have been 
awarded to 3 marine chronometers after undergoing the 35 days’ trial. 

An Astronomical Regulator for the Observatory at Akassa, Royal 
Niger Company’s Territory, has also been rated at temperatures of '60® 
and 80® Faht. . 
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yn. Misoellaneotts. 

Plans liave been prepared and estimates obtained for the construc¬ 
tion of the necessary apparatus to enable the examination of photo¬ 
graphic lenses for cameras to be prosecuted at the Observatory, with 
the view of granting certificates to the owners or purchasers of such 
articles. It is in contemplation to adopt a system of examination of 
lenses, which shall provide, first, for a comparatively rough or cursory 
trial which will enable a person to form a general idea of the capabili¬ 
ties of a lens, and, second, for a more lengthy and careful trial, for 
which a higher fee will be charged, which will give full particulars as 
to the various qualities an acquaintance with which is necessary to 
possess a full knowledge of the instrument. Captain Abney and other 
gentlemen have rendered the Committee much assistance in the 
practical arrangement of the details of this lens testing. 

Toronto University .—An appeal having been received from the 
librarian of this institution, recently destroyed by fire, for books to 
replace those lost, the Committee forwarded a parcel of such dupli¬ 
cates as they could spare from the Observatory libraiy, which has 
been duly acknowledged by the President of the College. 

On the occasion of the eleventh annual exhibition of the Royal 
Meteorological Society, which was devoted to illustrations of the ap¬ 
plications of Photography to Meteorology, several instruments and 
photographs were exhibited, and Mr. Whipple read a paper on the 
subject, illustrating it by means of the optical lantern. 

Building^ —A new window has been fitted to light the staircase 
leading into the Dome, a new stove fitted to the Library in place of 
the gas stove, and Pletcher’s hot water heaters placed in both East 
and West Rooms for use in Terification operations. 

The West Room, Library, and Superintendent's rooms have been 
painted and ceilings whitened. 

Prepared photographic paper has been procured and supplied to 
the Observatories at Aberdeen, Batavia, Colaba, Palmouth, Lisbon, 
Toronto, Oxford, Mauritius, St. Petersburg, and Stonyhurst, as well 
as to the Meteorological Office for Yalencia and Port William. 

Anemograph sheets have been sent to Mauritius and Madras, and 
blank forms for entry of observations, &c., distributed to various 
applicants. 

Library .—During the year the library has received as presents the 
publications of— 

25 Scientific Societies and Institutions of Great Britain and Ire¬ 
land, and 

118 foreign and Colonial Scientific Establishments, as well as of 
numerous private individuals; 


2 M 2 
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The Librarian is still engaged in the preparation of a card cata- 
logne of the library, on the model of that of the Meteorological Office^ 
and has now completed over 1,400 cards, which contain the titles, 
&c., of all works received by the Committee during the past eight, 
years, together with those of a like title which had been received 
previously. 

The publications not yet catalogued formed part of Sir E. Sabine’s 
Magnetic Office collection, and are chiefly excerpts from foreign 
publications and reports. 

Worhshop .—The machine tools procured for the use of the Kew 
Observatory by grants from the Government Grant Fund or the 
Donation Fund have been duly kept in order. 

Peesonal Establishment. 

The staff employed is as follows:— 

G. M. Whipple, B.Sc., Superintendent. 

T. W'. Baker, Chief Assistant. 

H. McLaughlin, Librarian. 

E. G. Constable, Observations and Bating. 

W. Hugo, Yerification Department* 

J. Foster „ „ 

T. Gunter „ „ 

W. J. Boxall, and seven other Assistants. 

(Signed) Feancis Galton, 

Chairman of the K&w Committee. 

Novemler 29iA, 1890* 
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* d.r., donWe-roUer; s.r,, single-roller; g.t)., going barrel. 

















































APPENDIX I.—Table II. 

Highest Becords obtained by Complicated Watches during the year. 
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APPENDIX II. 


List of Instrnuieiits, Apparatus, &c., tlie Property of the Xew Com¬ 
mittee, at tlie present date out of tlie custody of the Supermtendent, 
on Loan. 


To whom lent. 

Aurticles. 

Date 
of loan. 

Or. J. Symons, F.E.S. 

PortalSle Transit Instrument.. 

1869 

The Science and Art 
Department, South 
Eensington. 

The articles specified in the list in the Annual 
Eeport for X876, with the exception of the 
Photo-Heliograph, Pendulum Apparatus, 
Dip-Circle, Unifilar, and Hodgkinson's Acti- 
nometer. 

1876 

Lieutenant A. Gf^ordon, 
E.N. 

Unifilar Magnetometer by Jones, No. 102, 
complete, with three Magnets and Deflection 
Bar. 

Dip-Circle, by Barrow, one Pair of Needles, 
and Magnetizing Bars. 

One Bifilar Magn^meter. 

One Declinometer. 

Two Tripod Stands. 

1883 

ProfeMor W. Orylls 
Adams, P.E.S. 

TTnifilar Magnetometer, by Jones, No. 101, 
complete. 

Pair 9-inch Dip-Needles with Bar Magnets •.. 

1883 

1887 

Professor O. J. Lodge, 
P.E.S. 

TTnifilar Magnetometer, by Jones, No. 106, 
complete. 

Barrow Dip-Circle, No. 28, with two Needles, 
and Magnetizing Bars. 

Tripod Stand. 

1883 

Captain W. de W. 

Mason’s Hygrometer, by Jones.. 

1885 

Abney, P.E.S. 


Prof. T. E. Thorpe, 

Tripod Stand... ..... 

1886 

. P.E.S. 


. Lord Eayleigh, P.E.S. 

Standard Barometer (Adie, No. 655).. 

1885 
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On the Magnetic Permeability of Rocky ^c. 


‘‘On the Eelation between the Magnetic Permeability of 
Eocks and Eegional Magnetic Disturbances.” By A. W, 
EOoker, M.A., F.E.S. Eeceived May 30, — Read June 19, 
1890. 

The investigation, of which an account is given in this paper, was 
undertaken with the object of throwing light on the causes of local 
magnetic disturbances. The two main theories which have hitherto 
been proposed attribute local perturbations of the needle to earth 
currents and to magnetic rocks respectively. 

In the Bakerian Lecture for 1889 (‘ Phil. Trans.,’ A. 1890, p. 53), 
Dr. Thorpe and I compared the directions of the disturbing magnetic 
forces found by us to exist near Melton Mowbray and Reading with 
the results of a survey of the local earth currents made in the neigh¬ 
bourhood of those places under the direction of Mr. Preece, P.E.S. 
No connexion could be traced between either the intensities or the 
directions of the currents and the magnetic forces, and the result of 
the investigation was thus opposed to . the view that they are cause 
and effect. As far as I am aware, however, no attempt has hitherto 
been made to determine whether the mere presence in the earth’s 
magnetic field of such iron-bearing rocks as actually exist, and which 
must certainly produce magnetic disturbances, suffices to account for 
such disturbances as are actually observed. This enquiry is obviously 
complementary to the comparison of the disturbing forces with the 
earth currents in the same neighbourhood, but the necessary data 
have only lately been accumulated. The recent magnetic survey has 
for the first time placed at our disposal facts as to the magnitude of 
the disturbing magnetic forces in the United Kingdom, and the 
measurements described below give us some idea of the order of the 
magnitude of the permeabilities of magnetic rocks. The present in¬ 
vestigation is thus divided into two parts, viz.:— 

(1.) A determination of the magnetic susceptibility of a number of 
rock specimens. 

(2.) An enquiry as to the order of the magnitude of the magnetic 
disturbances which the presence of such rocks in the earth’s magnetic 
field would produce. 

„ The first part has been carried out by Mr. Highfield, Assoc. 
N.S.S., and Mr. Jarratt, Scholar Elect of Trin. Ooll., Cambridge, 
both of whom are students in the Physical Laboratory of the Normal 
School of Science and Eoyal School of Mines. I am under a great 
obligation to these gentlemen for their share in the work. They 
constructed all the special apparatus required, and have made all the 
measurements recorded in this paper, and I am indebted to them not 
only for care and skill, but also for several very useful suggestions. 
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In selecting a method, it was important to be able to deal with, 
small fragments of rock, and also to avoid the necessity of having to, 
shape them into definite forms. The magnetic properties of a dis¬ 
trict can only be ascertained by the examination of a large number of 
specimens, and this would be practically impossible unless the above 
conditions were fulfilled. Great accuracy, though desirable, is not 
equally important. Different specimens of the same rock differ so 
widely in their magnetic qualities that a comparatively rough 
measurement is sufficient. It will, however, be seen in the sequel 
that the observations made are in satisfactory agreement. 

To meet these requirements the following scheme was devised. A 
series of standard magnetic fl.uids were made by suspending magnetic 
oxide of iron in various proportions of glycerine. The susceptibilities 
of. these mixtures were determined absolutely by the apparatus 
described below, and specimens of the rocks were compared with 
them by means of Professor Hughes’ induction balance. Por this 
purpose, equal volumes of a mixture were placed in two similar test- 
tubes, which were inserted in the cups of the balance, and silence was 
obtained by means of a con^pensator. The rock to be tested was 


Pig. 1. 



now immersed in one of the mixtures, and an equal volume of liquid 
having been abstracted, the zero was redetermined. Two mixtures 
were thus found, to the susceptibilities of which that of the rock 
under experiment was intermediate- The compensator used, though 
identical in principle, differed in form from that employed by Professor 
Hughes. The primary current passed through two solenoids wound 
in opposite directions about the two ends of a tube. Over these 
another larger tube could be moved in either direction, and round it 
another solenoid was wound which formed part of the secondary cir¬ 
cuit. The position of this secondary solenoid was read off on a milli¬ 
metre scale attached to the exterior of the inner tube. The two 
primary coils tended to produce induced currents in opposite d&ec- 
tions, and thus, by moving the secondary coil in one dmection or the 
other, sffence could be obtained. 

If and ajg are the distances (measured in opposite directions) 
through which the compensator had to be moved to produce silence 
when the specimen was introduced into the first and second liquid 
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respectively, and if Ic, and are the susceptibilities Oi the rock 
and the two liquids, Tc may be calculated from the formula 

flJ Ic 


My thanks are due to Professor Judd, F.R.S., for the large number 
of rock specimens which he has placed at my disposal. jN^early all 
which have been used have been provided by him. This aid has 
been especially important from the fact that the attention which he 
has paid to the geology of the West of Scotland has made his 
collections rich in basaltic rocks gathered from that district, 
which is within the area of the recent magnetic survey, and is re- 
markable for the magnitude, not only of the local, but also of the re¬ 
gional, magnetic disturbances of which it is the seat. He has also been 
good enough to have sections made of a number of the rocks examined 
by the induction balance. Some of the results thus obtained are 
referred to below, but we hope to extend this part of the enquiry in 
the immediate future. 


Part I .—On the Magnetic Susceptibility of Bodes. 

The apparatus used for determining the absolute susceptibilities of 
the mixtures is shown in fig. 2. 

Primarily it consisted of a magnet attached to a mirror which was 
delicately suspended in a glass case by means of a quartz fibre. Two- 
large solenoids wound upon glass tubes were placed at equal distances 
east and west of the needle. A smaller tube, which could be filled 
with any of the mixtures, was arranged so as to slide into and out of 
either solenoid. The deflections when the tube was inserted first 
into one solenoid and then into the other were noted, and from these 
the susceptibility of the mixture could be calculated when the strength 
of the field in which the magnet was suspended was known. The 
necessity for the determination of this datura was obviated by also 
deflecting the magnet by , a small solenoid, the moment of which was 
calculated from the number of coils, the length, and the strength of 
*the current flowing through it. In the figure, M represents the 
magnetometer, and SS the two large solenoids into which the tube 
containing the liquid is capable of sliding. The ends of the solenoids 
projected for some 7 or 8 cm. beyond the ends of the tube, which was 
always brought up to the same position within the solenoids by means 
of fiducial marks. The sensitiveness of the magnetometer was adjusted 
by a control magnet placed above it, acting so as to reduce the earth’s 
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Fro. 2. 



field. In this way an oscillation-period of 26 seconds could be ob¬ 
tained, although it was found in practice to be unnecessary to increase 
it beyond about 10 seconds. At h there is a key which divides the 
<5urrent^ part of which goes through the two large solenoids SS, flow¬ 
ing in the same direction in each, and thence through the galvano¬ 
meter G back to the battery. Another part goes through the 
reversing key K to the small deflecting solenoid s and thence through 
the Post Ofi&ce bridge P back to the battery. The resistance used in 
the Post Ojffice bridge was about 200 ohms, while that of the main 
circuit was about 10 ohms, so that the amount of current shunted 
was comparatively small; nevertheless, to prevent any error being 
thus caused, another shunt circuit, of resistance R, equal to that in 
the Post Office bridge, was introduced, through which the current 
passed when the small solenoid was not in use. 

As the eflects produced by the two principal solenoids on the mag¬ 
netometer were not exactly balanced when they were placed at equal 



Rods and Regional Magnetic Disturhances, 50& 

distances from it, it was found necessary to introduce another small 
compensating solenoid (0) whicli could be so adjusted as to neutralise 
the residual effect. 

The mirror was raised sufficiently above the boi^izontal plane 
through the axes of the two solenoids to permit a beam of light being 
thrown upon it and reflected to a scale. An experiment was pet- 
formed as follows:— 

The small solenoid circuit s was first thrown out of connexion, and 
the main circuit, together with the shunt B, put in. The zero read¬ 
ing, as given by the magnetometer, having been taken, the apparatus, 
was so arranged that the zero did not alter when the current was put 
on, or off, or reversed. The tube was now inserted into each of the 
solenoids in turn, the deflections were noted, and afterwards the zero* 
was again taken to show that no change had occurred during the 
experiment. The shunt B was then thrown out, and the circuit con¬ 
taining the small solenoid s put in, the resistance in the Post Office 
bridge having been previously arranged so as to give a deflection of 
much the same magnitude as that due to the introduction of the tube 
containing the mixture of magnetic oxide and glycerine. Knowing 
the deflection which is given by a solenoid of known moment, and 
that produced by tlie introduction of a definite amount of mixture 
under the same conditions as regards the sensibility of the magneto¬ 
meter, we are able to calculate the susceptibility of the mixture, as 
follows:— 

Let 26 be the length of the tube. 

f, rj, f the co-ordinates of the centre of the magnet referred 
to three rectangular axes, passing through the 
middle point of the axis of the tube, parallel to its 
length, and perpendicular to its length in the hori¬ 
zontal and vertical directions respectively. 

<ri, the distances from the centre of the magnet of the feet 
of the perpendiculars let fall from the ends of the 
tube on the horizontal plane through the magnet. 

It is then easy to show that if the length of the magnet is small as 
compared with <rand a', and if p be the strength of the pole induced at 
the end of the tube, 

_ F.d 
(Mtf+2F.,.Dy 

where P is the strength of the field in which the magnet is placed, 

d the deflection produced by the introduction of the tube 
containing the liquid into the solenoid, 

D the distance of the scale from the magnet, 
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With the distances actaally adopted in one experiment, 

M = -0-0002?3, d<10om., 

IT = 0-000170, 7) = 17-0 cm., D = 103 cm. 


Hence, the term M. d! is small, and may he neglected, and, therefore, 


_ 

If I be tbe intensity of magnetisation of tlie liq^uid, 

A the area of the tube, 

n the number of turns per cm. in the solenoid, 

C the strength of the current in absolute units, 

K the susceptibility of the liquid, 

_ I _ ¥.d 

““4.jr.».G~8.*-.«.C.N.oj.D.A’ 


'where 8. tt . , N. . D . A is constant for any one position of the ap¬ 

paratus, and = say; 


therefore 


¥.d 


The solenoids were practically identical in construction, and if 
di — d^ be the algebraical difference of the deflections right and left 
when the tube is introduced into the two solenoids. 


_ nd,-d,) 

"" 2.3Sri.C‘ 

To determine F the auxiliary solenoid was used. It was placed 
perpendicular to the axis of the magnet, which bisected it. Its 
length being 2a, number of turns per cm. area A', the distance of 
its poles from the centre of the magnet u, and the deflections being 
d\ and d^^ to the left and to the right respectively, when the current 
C' circulated through it, 


8 . g. . G^ A\ D 

u\d\—d'^ 

Jl " A _L 

27r' ' 0 * « ’ A ' 9 ; * * N ’ 


Hence, 
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or, since tlie currents varied inversely as tlie resistances of tlie princi¬ 
pal and slinnt circuits, 


ic = B 


d 3 ^—d ^ 


where B is a constant depending on the dimensions and resistances 
of the various parts of the apparatus. 

In one series of experiments, chosen haphazard for illustration, the 
values of the different quantities were as follows :— 


c = 17’16 cm., cTj = 40*31 cm., g* = 3*7 cm.; 
therefore IT = 0*0001696. 

The resistance of the principal circuit = 10*9 ohms, 

„ „ shunt „ = 141 „ 

= 30*81, 7^ = 11*25, 

Af = 1*5836 sq. cm., A = 6*7424 sq. cm., 
a = 13*0 cm., rf = 17*1 cm., 

u = 22*61 cm., 

(di^-d^ = 4*3 cm., 2 ) = 8*5 cm. 5 

thei’efore /c = 0*00158. 


In each experiment a deflection was the mean of two readings taken 
with the current direct, and reversed when the tube was in each 
solenoid, and with the current direct and reversed in the case of the 
auxiliary solenoid. The effect of the earth’s magnetic field was thus 
eliminated. 

Various possible sources of error had to be investigated. In the 
first place, the suspended magnetic oxide might gradually settle in the 
tubes, or, under the influence of the current, the particles might tend 
to set theoiselves with their axes parallel to the axis of the solenoid, 
as in Sir William Grove's well-known lecture experiment. .These 
effects were most to be feared in the case of the strong mixtures. It 
was found that if the magnetic oxide were dried it caked and it was 
impossible afterwards to suspend it in a state of fine and equal 
division in the glycerine. Hence the mixtures were made by ming¬ 
ling known volumes of one standard mixture of magnetic oxide and 
• water with glycerine. Thus the stronger mixtures were the more 
aqueous, and therefore the less viscous. To investigate the possible 
error due to settling, the following experiments were made:— 

The mixtures were allowed to remain in the tube for 30 minutes: 
no difference in the deflection could be detected in the case of the 
weaker mixtures; but for the strongest we obtained the following 
results. The deflections are throughout measured in cm. 
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Zero... 0*00 

Deflection with tube in. 7*31 

„ „ „ after 30 mins... 7*00 

Zero... 0*00 

Deflection with tube in. 8*38 

„ „ ,, after 30 mins... 8*11 


Daring the first few minutes no appreciable falling oSt was observed, 
so that, as the time required for an experiment does not exceed a 
minute or two, any error arising from this cause may be neglected. 
Care was also taken to rotate the tubes frequently, and to empty them 
and pour the liquid in again at short intervals. In order to test the 
accuracy of the whole arrangement, several series of experiments 
were made with the apparatus set up in diflerent positions, and the 
values obtained were such as to show that no serious discrepancy 
existed. In the following table the fractions in the first column are 
the ratios of the volumes of the standard mixture of water and 
magnetic oxide to that of the glycerine, and they may therefore be 
called the strengths of the mixtures. In the other columns are the 
susceptibilities obtained in each case with a completely difEerent 
arrangement of the apparatus. 


s * strength. 

K. 

K, 

K. 


0-00126 

0-00115 

0*00126 

I 


144 

137 


158 

153 

155 

# 

,, 

174 

168 

i 

218 

214 

209 


Six weeks after the last of the preceding series had been taken, 
another set of experiments was made in order to test the invariability 
of the magnetic properties of the mixtures. ISTo change whatever 
could be detected, as will be seen from the following table of 
results:— 


Strength = s. 

K, 

i 

0 *00120 

f 

137 

i 

159 


163 


208 









It t4l:e t&e Means of iiie resttlts of ijbese four series of 

as girmg the values of the susceptibilities, and divide 
utiMber by the strength of the mixture, the ratio is found to be 
constant. It mnst be remembered that errors which cause 
deviations from the mean value are in part, and probably in large 
part, due to uncertainty as to tbe exact composition of each mixture^ 
'As the magnetic oxide settles quickly in water, the amounts added to 
the glyceiine were probably only approximately proportional the 
volumes used • but, as the susceptibility of each mixture is absolutely 
determined without reference to its supposed composition, this will 
not affect the accuracy of the results. 


Strength = s. 

Mean value of k. 

* 

K 

T 

0*001215 

0*00607 

1 

1393 

627 

1 

*4 

1562 

625 


1 1683 

589 

'k 

2122 

U37 


The numbers in the last column are consistent with the view that 
the susceptibility of any mixture varies directly as the percentage of 
magnetic oxide which it contains. The matter may be fnitber 
tested by means of the sets of experiments described immediately 
below, in which the susceptibilities of three of the liquids (ihcluding 
the weakest and the strongest mixtures) were again measui*!^. The 
M^u results are as follows 


Strength — 

Mean value of k. 

s 

( 


0*00124 

! 

0*00620 


159 

636 


204 

612 


In this case the strongest mixture gives the .smallest result. On 
the whole, then, and for the purposes of this investigation, the values 
of «/s must be considered as independent of the strength of the 
ipiscture. Any difference which exists could only be certainly de« 
tected by a very careful determination of the quantity of magnetic 
ai:ide present in the unit of volume in each case. Since this law 
holds good within the limits of the series of liquids the suscepti- 
YOL. XLYIII. 2 N 
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Mliiw of wliiok cotild be accui*ately determined, it may be safely 
inferred that for weaker mixtures, at any rate, it will still be true, 
and so a number of liiixtures weaker than one-fifth were prepared, 
and their susceptibilities calculated by proportion from those of the 
stronger ones. Values so obtained will, however, be subject to the 
error of mixing- 

Finally, a series of experiments, referred to above, was made to 
determine whether the permeabilities of the mixtures varied with the 
magnetic force. The susceptibilities obtained when* 2, 3, and 6 
Grovers cells were used in turn are given in the following table 


Strength. 

Six cells. 

' ■ 

Three cells. 

Two cells. 

i 

0 *00122* 

0*00127 

0*00123 

i 


162 

150 

^ 1 

i 

209 

199 

203 


The sums of the significant figures in the three columns are 
488^ and 4W o:“©speetivel j, thus indicating a ^slight incr^e €?f |)i^ 
meability with the magnetic force. The differences 
-observations' howerer,' fiod '"great' 
aln#'ihe^*taible' eltn’ only be eo'usldi^ed 
error‘r?® odcttr*if 
mixlirres ■ are -iudepmieni^ Of 





[Added Sept. 12,1890,^1 


Confirmed 


Ihk -view and extended the range acOuracy was tested. 

The weakest field employed was about twice' the earth’s field in the 
United Kingdom.] 

It would have been difficult to obtain accurate results with a 
weaker field, hut as the law of proportionality between the mag¬ 
netic force and the induction appeal's to hold very approxima.tely 
for forces between 5*0 and 1’7 C.G.S. units, it is probable that 
it is also valid for smaller values. It is true that Silow (‘ Wiede¬ 
mann’s Annalen,’ vol. 11. 1880, p. 330) has stated that the 
susceptibility of ferric chloride is a maximum when the inducing 
force is about 0*4 C.G.S. unit, and that for that value it is between 
imo and three times as great as for fields at strengths such as 
those at which we have experimented, but the change in a range 
of meguetic force mnch less than 1*0 to 5*0 was very marked. Thus, 
l^tween forces of about 1*4 and 2*5, the susceptibility altered by 
fl^Oiut 13 per cent. An effect such as this could not possibly have 
§^ped our notice, and there can be no doubt that for forces such as 
th<^ with which we have dealt the susceptibility of magnetite changes 
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mow iura to the method of comparing the susceptibilities of the 
rock specimens tvith those of the liquid by means of Pi*ofessor 
Hughes^ induction balance. 

In the first place it was necessary to make certain that the effects 
obseryed were due only to the permeabilities, and not to the conduc¬ 
tivities, of the bodies under investigation. The weaker liquids were 
practically non-conductors, but the stronger ones conducted feebly. 
When, however, a solution of salt in water, of rather greater conduc¬ 
tivity than the strongest mixture, was introduced into the balance, 
which had previously been adjusted, no sound whatever could be 
detected, thereby proving that the very different effects obtained with 
the magnetic oxide were not, in any way, due to Foucault currents in 
the mixture. Two of the rocks which produced the greatest effect in 
the balance were also chipped out into the form of horse-shoes, 
ajpd by dipping the ends into two mercury cups or into two cups 
containiug acid and water, they were used to complete circuits, in 
which a mirror galvanometer was included. They appeared, as thus 
t^ted, to be non-conductors. We are, therefore, confident chat the 
experiments are not vitiated by Foucault currents set up within 
either the liquids or the rocks. 

The first test applied to the method was to measure by the aid of 
the balance the susceptibilities of the different mixiures relatively io 
each other. Thus in the case of three liquids a, 6, and c, say, the sus¬ 
ceptibility of h was found by using the values of the susceptibilities of 
a and c which had been obtained by the absolute method, lii the 
following table the numbers thus obtained are compared with 
given directly by the absolute method ;— 


that the variation is not 
of this paper. 


s. 

K measured by— 

Magnetometer 

method. 

Induction 

balance. 

V 

0*00139 

0 *00135 

f 

168 

172 

i 

212 . 

208 


The agreement between the last two columns is snfficient to justiify 
the induction balance method. The strengths of the fields in the 
balance were different from those employed in the absolute method, 
aud Foucault currents might affect the results. It is clear, however, 
that neither of these possible causes of difference produces any 

. 2 N 2 
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appreciably error. Eren if tke magnetic force and ttie induction are 
not strictlj proportional, the ratio of tke permeabilities of the liquids 
is, to the degree of accuracy attained, the same in the balance as in 
the solenoid. 

Finally, the method was applied to a specimen of basalt which 
Professors Thorpe and Riioker had brought from the Island of 
-Ganna, in the West of Scotland. A piece of this had been cut into the 
form of a rectangular bar, and its magnetic properties had been in¬ 
vestigated by Dr. HofFert. His experiments are described in the 
published account of the magnetic survey (‘Phil. Trans.,’ A, 1890). 
^The permanent magnetisation was determined by three methods, and 
the susceptibility was found from the times of vibration when 
the bar was suspended in a kno*wu magnetic field with the directions 
of permanent and induced magnetisatiou alternately coincident and 
opposed. Dr. Hoffert found that the value of k was about 0’0015. 
Unfortunately, the particular bar used by him has been mislaid, but 
we have measured the permeability of another fragment of the same 
specimen, and find— 

/c =: 0‘001B2. 

Observations to be described below prove that differences such as this 
exist between specimens of the same rock. We do not therefore 
these numbers as giving any test of the accuracy ^ 

but the agreeiiiyhtS‘!|^^^.: 
fo prove thkt there caii be ho doubt 
of the ma^itudes of the quantity under' ditcusifdn."'''^" 

The range over which the instrument cohld be employed was 
between susceptibilities about five times greater and ten less than 
that of Ganna Imsalt, f.e., from about 0*00792 to 0*00013. The 
higher of these values could only be obtained by extrapolation, as 
liquids of such great permeability could only be formed by using so 
small a quantity of glycerine that the magnetic oxide settled too 
quickly to enable ns to obtain reliable results. In the tables given 
below, the statement that the magnetic susceptibility of a substance 
is zero means only that it is distinctly less than that of the weakest 
liquid employed, i.e., than about 0*00013. The details of a single 
experiment are given by way of example. The readings of the com¬ 
pensator scale are in centimetres. 


Experiment, 

Equal volumes of the liquid of strength 2/9 were placed in test- 
iub§3 in the two arms of the balance. 


Zero readings 


rl0*l 

j 10-2 
] 10*0 
ll0‘15 


Mean = 10*11 = Zy 



. ot Oanna basalt was placed in the left-Kaiid test-ttibe, 

and liquid abstracted until the volume was the same as before, 

f 9-8 

Readings * • • < ^*9 Mean = 9'83 = ; 

L 9*8 


tbei^fore = (^i—rj) = 0*28. 

Equal volumes of the liquid of strength 1/5 were now taken. 


Zero readgigs 



Mean = 10’06 = % 


The same specimen of rock was now placed in the left-hand test- 
tube, after having been carefully washed and dried. 


Readings 


rlO-O 

j 10*2 . 
] 10-0 
llO'l 


Mean == 10*08 = 


X.2 = (%—»*jj) = 0*02, 

Hence, by the formula given above, 

/c = 0*001227. 

On the whole then, we think that the various tests which have 
been applied to it prove that the method employed fulfils the 
required conditions very satisfactorily. It is not capable of giving 
results of the last degree of accuracy, but it enables us to measure 
quickly and certainly, with only a small percentage error, the per- 
meabilititiea of rock specimens without the labour and expense 
involved in shaping them into definite geometrical forms. 

The method, too, has the advantage that, when once the pefrmeabiH- 
ties of the standard liquids are determined,, the apparatus can be 
used anywhere. If therefore it were desirable to institute a dose 
comparison between the magnetic disturbances and the magnetic 
permeabilities of the rocks in a given district, and it were important 
that the investigator should become at once acquainted with ^his 
results, it would be quite practicable to transport the apparatus 
required to the scene of the investigation, and to determine the mag¬ 
netic properties of the specimens in any convenient room within a 
lew hours of their collection. 

Our observations on rock specimens may be divided into three 
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gronps, according as they were (ot) non-magnetic, (p) magnetic but 
not basaltic, (fy) basaltic. 

Of the first group, we tried a number of specimens, many of whicb 
were a priori certain not to be magnetic. Some of them, however, 
were just as likely to be conductors as the magnetic rocks; and the 
fact, therefore, that they have been tried, and produce no effect, 
strengthens the view that the measurement of the permeabilities was 
not affected by the conductivities of the specimens. Among those 
submitted to experiment were limestones, sandstones, mica- and horn¬ 
blende-schists, granite with tourmaline, red granite, trachyte, felsite, 
rhyolite, gabbro, muscovite granite, luxullianite, various diorites, and 
haematite. 

Two specimens of Archaean gneiss, brought by*Dr. Thorpe from 
Loch Maddy, in the Outer Hebrides, were found to be practically non¬ 
magnetic. 

We have also, through the kindness of Professor Judd, had the 
opportunity of testing the specimens of Silurian rocks and red 
sandstones obtained from the Palaeozoic ridge by deep borings near 
London. Fragments from Kentish Town, Richmond, Meux's 
Brewery, and Ware were tried and found to be non-magnetic. 

Turning next to specimens of other than basaltic rocks which were 
found to be magnetic, we obtained the folloy^ing results:— 


Tbonolite___: .0 *000*70 

Bolerite.,*. I 04 r 

Trachjte 30 

Meiaphyre 39 

Tourmaline granite . I 24 

Syenite.j 104 


It will he noticed that several of these are rocks of the same kind 
those of which other specimens were found to be non-magnetic. 
This is an example of the fact that the permeabilities of different 
portions of the same rock are very varions, and that no conclusion 
can be drawn unless a large number of specimens have been 
examined. 

Special attention having been given in the recent magnetic survey 
to the magnetic disturbances produced by the Malvern Hills, it was 
thought that a detailed investigation of their magnetic properties 
would be interesting. Mr. Highfield, therefore, paid a visit to 
Malvern for the purpose of collecting specimens. The position at 
which any specimen was found w^as marked on the spot on an 
Ordnance map carried for the purpose. It is, perhaps, hardly neces- 









, ^ ^ ^ ^ hei?o, btit, 'Hates" are, 

1>elbw wHieb indicate febe point on tbe 
fp^imen was obtained. Care was taken that 
not be weathered. It maj be well to add that 
4 3^ge of homblendic rocks, boanded on the 
which divides them from the red marls of the 
On the western side the igneous rocks emerge 


appended to the tahl^ 
range from which the 
the specimens should 
the Malvern Hills are 
east bj a great fault, 
Yalley of the Severn, 
from under Wenlock 


Ko. of 
specimen. 

Position of station. 

Mea?i 
4ralue of 

la I 

i 

f 0*00012 

h 1“ 

Q.uarrv at MnJvftmj uear the tank.. 

•i 0 

« i 


1 0 

2a 1 

6 s 

On the crest at the extreme iiorfc}i end of the range ... 

r m 

i 2b 

Ba 1 


r 0 ^ 

h 1 

On the ridge between the peaks of the North Hill..... 


e J 

L 50 

1 

Near to the sirm-mii: ef the North Hill.-. 

1 ® 

^ J 


1 102 


Near St. Ann^a A^Tell ..... 

I S 

* J 

6a \ 

^ J 

1 

Near to the top of the ^CVoweatftrshire Beacon... 

1 0 

/ 69 

Near to the footpath, considerably below and a little 

1 ^0 

i 0 

’ * 1 

to the south of the top of the Worcestershire Beacon 


Sa 1 

On the ridge about i mile south of the top of the Wor¬ 

/ O' 

^ J 

cestershire Beacon # 

1 6 


On the ridge above the railway tunnel ... 

1 ^ 

^ J 


1 0 

10^ 1 
i S 

In a cutting through the ridge above Maltem Wells ... 

S 118 

1 0 

llo 1 

Ou'the ridge nearly due east of Brand Hall (Ordnance 

f 30 

i> ; 

map) 

1 0 

12a 1 

i / 

On the ridge on the north side of the Ledbury Road... 

r 159 

L 0 

13 

On the Herefordshire Beacon, about a furlong south¬ 

0 


east of the encampment 


14 

On the western side of the Herefordshire Beacon, about 

■ ■ 0 


300 yards south of 13 


15 

At the south end of the Herefordshire Beacon, above 

0 


Hill Farm 

1 
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^im^tone and Silurian rocks, whicli are bent upwards on their hanks. 

collection of specimens was composed entirely of the crystalline 
rocks: it was begun at the extreme north end o£ the range, and 
continued as far south as the Herefordshire Beacon, a distance of 
about 5 miles. In most oases two specimens were taken at each spot, 
and in the table these are indicated by the same number followed by 
different letters. 

As the snsceptibilities of the rocks varied so considerably, Professor 
Judd was good enough to have sections made of some of those which 
differed igidst widely. The following report made by him shows a 
satisfactory agreement between the indications of the induction 
balatee and microscopic examinations :— 


Bpeeimen. 

K. 

Bemarks. 

12a 

10a 

IIU 

' ' 

'•' '.lis2h ^ 

0-00139 

113 

30 

' n 

Large amauat of magnetitre, well crystallised; much 
pyrites. 

Rather smaller quantity of magnetite, and in smaller 
crystals. 

Magnetite, small in quantity, and sporadioally dis* 
tributed* ^ 

Magnetite, very small in quantity (poseillyi, i . 

. 'titanofemte present). , t; \f' *| 

'Magnetite; very • email in quantity (po^ibly' 

,/ pr^nt). » / • • ' 

, ___. 


As was to be expected, basic prote$ ^ ffie most strongly 

magnetic; but it is well at once to emphasise fact that powerful 

permanent magnetisation affords no proof of high permeability. 
Thus a specimen of rock from the Peak of the Island of Ascension, 
kindly supplied to us for examination by Captain Creak, F.R.S., 
strongly attracted and repelled the pole of a compass needle. Its 
susceptibility, however, was only moderately large, being 0*00122. 

We have collected in the following table the results of our measure* 
ments on basic rocks;— 





Spi^eijaeii ot — 


IMerilie . *, .. 

Bantatite-andesite 


Porpiyritie basalt. 
Basalt... ....... 

Olivine-diabase.... 

Basalt. 


{ Olivine-gabbro,..., 

5 > JJ . • • • - 

Fiae-grained gabbro 
Olivine-gabbro. 


'Orabbro. 


f Dolerite. 

Porphyritic basalt.. 
Olivine „ ., 


Basalt.. 

Porpbyritic basalt., 
„ dolerite 

Platy basalt... 

Gi^bbro........... 


Ba^t.......... 

Olivine gabbro .. 
Dolerite. 


J Basalt. 

I n 


Gabbro 


IiO(aility. 


Eatbo, Edinburgh. 

Newport, Fife. 

Durnam ... 

Sehemnitz, Hungary....... 

Faroe Islands.... 

Ifabe, Rhine.. 

XTnkel-on-Rhine... 

Rowley Regis*.. 

Giant’s Causeway . -... 

>> « .* * * 

Skye... 

Guilin Hill, Skye. 

Bkye..... 

,, ..................... 

Beer Forest, Ardnaanurchan 


Tobermorey, Mull ... 

j> » , • • • 

j» >» • • • 

JS >1 “ • • 

Tobermorey Harbour. 
Fishguard „ 
Mull. 

,, ... 

Mhaim Clackaig, Mull 
Ben More „ . 

Dumfrin „ . 

Ben More „ . 

Bun-da-gaioth „ . 

Staffa... 

,, .. 

Doch Ooruiskh, Skye . 


0*00113 

59 

134 

109 

116 

47 

45 

118 


27 

21 


697 

747 

246 

553 


660 

632 

307 

83 


0*00147 

231 

74 

184 

209 

61 

155 

113 
100 
146 

114 
429 
150 


Mean 
value of K. 


h 0*00024 


^0*00561 


^0*00420 


0*00048 

77 


0*00049 

164 

628 

27 

362 

82 

153 

284 

75 

684 

99 


hO *00163 


U‘00062 


0*00237 


Tkese results are sufficiently numerous to justify their employment 
in the calculations which follow* They prove that, in spite of great 
variations between individual specimens, the average susceptibility of 
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basic rocks is relatively very higb. The average of all the speoi- 
mens from the west of Scotland and from Ireland is 0*002i! ). If we 
exclude the Giant’s Causeway and Stalfa, it is 0*00271, which is thus 
the average of all the specimens tested from a district nearly 70 
miles in length. There would, therefore, be nothing absurd in the 
supposition that equally large values obtained over equally large 
areas elsewhere; but in the calculations the assumed susceptibility 
is the much smaller value given by the Mnll specimens, viz., 0*0016. 

An experiment was made on the effects of temperature on the 
permeability of magnetite. It was only of a rough preliminary kind, 
but the result was quite clear, and farther and more elaborate ex¬ 
periments on the same point are about to be undertaken ip. the 
laboratory at South Kensington. , • # , 

The interior of one of the caps of the Hughes’ induction balaiff 
was lined with asbestos cloth, and a fragrment of non-magnetic granite 
which had been heated to incipient redness in the flame of a Bunsen 
burner was introduced into it. The balance which had been pre¬ 
viously obtained was quite undisturbed. The same experiment w$b 
then repeated with a piece of magnetite. The imroduotxon of the 
rock at once caused the telephone to “speak,” hut .silepoe wap 
quickly obtained by turning the screw by which the panall<^fefe 
the primary ^d secondary coils is secured. The 
in t^e i^evi^s experiments had not sufficient r^nge, apd 
weie ■paperecaje,df''d%rees tn 

Ak'.ihe 'inagneMte cooled jthe ^ro al^ed/and, in to m^ntain 
silence, it was necessary 
which indicated that the 
The stone was allowed to cool for half the total altera¬ 

tion of the zero measured. It was then removed altogether, and the 
new position of silence found. In one experiment the following valuqs 
were obtained. The figures in the second column indicate the number 
of degrees through which the screw was turned fx*om the first zero 
obtained after the introduction of the hot magnetite ;— 


to fceteptnrnii^jfchn ,,screw in direction 


{ Beading, i 

1 

Magnetite, hot.! 

0° 

„ cold-' 

320 

„ removed 

790 


I ^is r^ult proves that, as in the case of iron, the permeability of 
increases as the temperature rises, the increase in the ex¬ 
periment just described being about 70 per cent. A second expert- 





B w, ''ooi&b/’pi^foable tBat if the 
^ia^ratei^ is raieei miffioietitly the peiMneaMity of magnetite; 

lltat of iron, will rapidly diminish, and that, after a certain 
l^peratnre is reached, it will cease to be magnetic. This point also 
W hope to inYestigate further, * 


Part II .—On Regional Magnetic Bistwrhances. 

In attempting to base calculations upon the permeabilities measured 
by Messrs. Highfield and Jarratt, it is necessary to make some assump¬ 
tions as to the magnetic state of the earth’s cfrust. 

The average increase of temperature with depth is about 1® C, for 
every 90 feet, and if this rate obtains for a depth of several thousand 
feet, the temperature would be 700® C. at 12 miles, or about 20’ kilos, 
from the surface. Iron ceases to be magnetic between 700® 0. and 
900® C., and it seems, therefore, fair to assume that helow this depth 
i^^gnetic matter ’does not exist. Whether this be so or not, it is 
]f||oei:®axy to suppose that at some given distance from the surface the 
may be regarded as magnetically uniform. In selecting such 
distancje for purposes of calculation tbe relations between the 
magnetic properties of iron and temperatui'e afford perhaps the most 
trustworthy guide. 

Let then a level surface he regarded as homogeneous. It may be 
called the magnetic floor. Let matter, magnetised by the earth’s in¬ 
duction, be supposed to be placed upon it, and let all calculations bo 
based on the hypothesis that the permeabilities with which we h^e 
to deal differ but little from unity. ^ ^ 

The disturbance produced by the magnetic mass wil be 
■whether the magnetic floor is magnetic 6t noh-ma^etic; loir 
iUme coating of south hemisphere magnetism, which in the laH^ 
iiaec Will represent the effects of the each’s mductiou ou the lower 
surface' of the mass, will represent the modification it produces lu 
the magnetisation of the floor if the latter is magnetic. 

The disturbances which have to he explained are of two kinds, viz., 
those in which a very great range of vertical force disturbance 
occurs within a limited area, and those in which a moderately high 
value of vertical disturbance occurs over a large area. 

In all cases the effects of the upper and lower surfaces of the dis¬ 
turbing masses will be opposed, and the force observed will be the 
same if the disturbance is produced by similar masses, the distances 
of which from the attracting point are proportional to their linear 
dimensions. Even supposing, therefore, the shape and the magnetic 
properties of the mass are known, we learn nothing as to its prox¬ 
imity to the surface from the mere magnitude of the disturbing force 
at a single station. 
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On tlie other hand, the absence of vertical disturbing force does 
not neoessaHly prove that no- magnetic matter exists between the 
magnetic floor and the point of observation. The upper and lower 
surfaces of a plate, of which the horizontal dimensions are very large 
compared with the distance of either from the surface, would pi'oduce 
equ^ and opposite effects over the central parts. 

On approaching the plate from a distance the vertical disturbing 
force would increase near the edge, and then die out as the centre was 
approached, the phenomena so far corresponding with those which 
occur when the observer crosses an underground ridge of magnetic 
rocks. The two cases, however, could be distinguished by the fact 
that the direction of the horizontal forces would be the same on both 
sides of the line of maximum vertical force if the disturbance were 
due to the edge of a plate, but different if it were produced by a 
magnetic ridge. 

I'now propose, therefore (1), to describe the distribution of vertical 
force disturbance over England and Wales; (2) 'to show that the 
presence beneath the surface of rocks which possessed in $itu the 
same magnetic properties as basic rocks on the surface would produce 
disturbing forces of the same order as those' which are aotuslly 
observed. ' ,,v- 

In disehseing the flrfet point, it will be convenient to meaSur^ 
turbaaices on d^parturea of the magnetic force from'its 
lated value as terms of 0*00001 O.G.S. or O’OOOl metric , 
may be regarded as the of 3i^tubing force. Vertical 
forces are positive when they urge a north-seeMng pole doivnwards. 

It is fully explained in the puMished account of the magnetic 
survey that vertical force disturbances are measured from an arbi¬ 
trary datum, and that there is no proof that this is uniform all over 
the kingdom. 

. The largest area of positive disturbance occurs in the east and 
south-east of England. It extends from the English Channel to tbe 
north of Yorkshire, i.e.y about 2B0 miles north and south, and in 
parts it is about 310 miles wide. 

It is, however, deeply cut into by a narrow gulf-like region of 
negative disturbance in the Midlands, and by others in Kent, Sussex, 
and South Lincolnshire. 

, "Taking this into account, and also the fact that in the north it, 
|S very narrow, it is fair to assume that it may he approximately 
represented by a rectangular figure 180 miles long and 108 miles 
wide. The regions of negative vertical force which hound it are 
relatively small, say fi*om 15 to about 50 miles wide in the west, 
.while t© the north they are wider. 

To the east and south the sea prevents our determining the exact 
the'district. It may, however, bo taken as a rough but 



of tfaoactn%l,l3tai0 of tW|ig^ to assttme‘thafe 
tte 4fefeiiot has BO magBotic maitier to tho uortlit and south; but it is 
aijp.ai:^ted from other similar regions on the eaist and west by a non¬ 
magnetic trench 36 miles wide. 

The dif&colty in accounting for a high average difference of vertical 
disturbing force increases with the size of the district, as has already 
been explained. We are, therefore, choosing regions which afford 
the most severe test of the theory that the disturbing forces are due 
to the magnetism induced in iron-bearing rocks. If we confine our 
attention to a line crossing the two trenches and the plateau half¬ 
way between their northern and southern boundaries, no important 
error will be introduced if we consider the length of the'trenches and 
plateau to be indefinitely extended north and sonth. The values 
obtained are, however, affected by the assumptions we ntake as to the 
magnetic character of the ground east and west of the district uuder 
c^iasideration. The first hypothesis made is that the extei^al 
h^u^dariea of the trench are narrow plateaux, and that beyond them 
it^ero: is no magnetic matter. Afterwards, we will suppose that they 
^pEtend to infinity at a uniform height above the magnetic floor. We 
rliay alpo, at first, assume that the edges of the magnetic masses are 
Vertical, and that they are magnetised by the vertical component of 
the earth’s field only. It will be convenient to express all distances 
in kilometres, and, as above stated, all disturbing forces in terms of 
O’OOOOl G.G.S. or 0*0001 metric unit. 

The mean values of all the positive and all the negative verfcioai 
force disturbances in England and Wales, recorded by Dr. Thorpe 
^d myself, are -h59 and —80 respectively, giving an avemge i^nge 
of about 140. f V 

A difference of this order can be obtained if we supposes 
slabs of magnetic matter are 16 kilom. (or about 10 liailes) tfeioki: 

thus.the upper surfaces are 4 Mlom. (or about 2| miles) fro:mfthe 
surface of ,the earth. 

' The components of. the attraetion exerted on a point by a plane 
'rectangular plate consisting of an uniform layer of attracting ma^er 
of density <r may be expressed as follows:— 

Let planes be drawn through the point perpendicular to the plate 
and parallel to its edges. Let the points in which these meet the 
edges or edges produced of the rectangle be joined to the pointy and 
Jet these make angles^^^^ and dg and with the normal. 

Then the components perpendicular to the plate and parallel to it 
and to the plane of the 0V are^ - j • 

• <r{sin“l (sin 0^ sin ^g)—sin^^ (sin ^ sin sin“^ (sin 0^ sin 

. , -hsiii"^(sin^ sin^jL)K 
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aad (cos sin ^ 3 + yi—sin^ sin^ 0 i) 

—logtf (cos 02sin ^2+ ^sin^ 6*3 sin^ 

—logtf (cos 01 sin di + a/ 1 ~sin^ sln^ 0^) 

+log<y (cos 03 sin ^ 1 4- \/l—siii'^ ^1 sin’^ pf) }. 

The component parallel to the plane of the rectangle and feo that of 
the B'b is obtained from the last bj writing 0 for & and vice versd. 

In the particular case for which 0 ^ = = 0 and 0^ =,w*/2f, the 

expressions reduce to 

<r03 and — <rlogtf cos 03 = sec 03. 

In the case under consideration these must be doubled, as th^ 
is supposed to extend both north and south of the point. , .. 

If we assume the magnetic susceptibility of the mass to be 0^0016, 
which is about the mean value of the Mull basic rocks, and take the 
vertical component of the earth^s field as 0’46 C.G.S. units^ we 
get—- 

2<r =s;2x0'46x0'001fi = 0-0ai47^ 
go Wat is expressed in degrees ^ 


,&0^'=s 0*0000257# ^ 



' Hence the disturb^e ;|^q sec 03 

units of disturbing force respectr^ly. v 
, Bj means of these expressions we the attractions 

exerted at points on the surface 10 Hlom. apart by horizontal 
plates of magnetic “ matter ’’ of opposite kinds 60 kilom. wide, and of 
indefinite length at depths of 4 and 20 kilom. respectively. 

Subtracting the numbers given by the lower from those deduced 
trpm the upper x->late, we get the resultant vertical and horizontal 
forces due to the opposite maguetisation of the upper and lower 
^:|||aces. 

^ ^ are supposed to consist of two such plates, the 

pidncipal plateaux of three plates side by side. 

Iha resultant force at any point is obtained by adding, algebraically, 
cpujponents due to each mass. 

3 represents the two oases which have been ^ submitted to 
i^culation. They differ only in that the magnetic matter outside 
. plateau is supposed, in the one case, to be limited, and in 

to be nnHmited, in an east and west direction, 
f(^*oes are de points on th© surface 10 kilom. apart. 







MAGKETIC mOR 


MAGNETrC FLOOR 


Thus 0 being over the outer e<ige of the trench, 3 is over the middle 
of the trench, 6 over the edge of the plateau, and 15 over its ceiiti^. 
The forces are expressed in terms of unite of disturbing force or 
O'OOOOl O.G.S. unit. Horizontal forces are positive which nige a. 
Uorth-seeking pole towards the central plateau- Vertical forces 
pc^itxve which act downwards as above stated. 


Case II. 


1 

Case I. 1 

1 

. i 


Vertical. 

Horizontal. 11 

i| 

0 

21 

* i 

-209 1 

1 

- 98 

- 80 ,! 

2 

- 90 

- 23 

3 

- 87 

9 

4 

- 94 

41 

6 

-108 

99 

6 

6 

227 

7 

117 

102 

8 

101 

49 

' 9 

81 

20 : 

, 10 

73 

12 

11 

86 

8 


62 

4 

' is: 

m ' 1 

• 1 

. ' If-,. 

57 

0 

U 

56 

0 

' positpr#. 

+ 64 1 


,, negative 



„ range.. 

159 

•• 


’ Other disturbances may be imagined which give similar rei^ts. 
If the central plateau stood alone, snrrounded by non-magnet 
matter, the mean range, as calculated above between the vertical 
ferc^ over it and thcnsO observed witbin the €0 hilom. (36 miles) of 
Its edge, wonld be 127. If the edge of the valley, instead of being 
vertical, were vertical for 10 kilom. only, and then sloped upwards 
incHhation of 1 in 10, the range would be 107, 
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Altkongk, therefore, the method of testing the theory is neoessarilj 
very rough, it is nevertheless evident that the range of the vertical 
forces over a mass of magnetic matter of almost the same area as the 
region of positive vertical foi’ce disturbance in England, and within 
60 kilom. of its edge, might agree fairly with the facts if the edges of 
the mass were steep, and if its magnetic properties were the same as 
those of the Mull basaltic rocks. The observed range is 140, and 
widely differing hypotheses give calculated values between 107 and 
159. 

It is not, however, sufficient to account for the differenc^^ of 
yertioal force over large areas. Within there are smaller but Bftill 
large districts in which the vertical force disturbance considerably 
exceeds the mean, and the explanation of the phenomena by 
magnetism would he imperfect if the calculated forces were insuffi¬ 
cient to explain the charaetom of these. It might easily be that, to 
produce an average verHcal force disturbance equal to that which 
obtains over the whole plateau, it was necessary to bring the upper 
surface so near to the surface of the earth that the remaining depth 
was insufficient to account for the additional forces in play on the 
area of greater disturbance within it. 

The largest area of very high vertical force which has at pre^nt 
hem lapped-in-in Inr#olnshire %nd South Torkshir^ 

Th©'folloTOug tal^# e^p^hibits tl|© names of stations withih’ 
,ve#tic®iJoree disturbance at ©uch;~--- ^ 



If these places are connected by straight lines, an irregular figure of 
eig^t is produced, the area of which is about 425 square miles, or 
IIC^ square kilom. 

It is, of course, unlikely that the stations are all close to the edge 
, of the attracting mass, but, on the other hand, it may he deeply out 
*i#o by valleys or regions of less disturbance. The latter hypothesis, 
correct, would make it easier to explain the high forces, whereas 
an, extension of the district beyond the limits actually observed 
mtikes any such explanation more difficult. The distance between 
llp mpt northerly: and most southerly stations (Sqtton-on-Derwenfc 
and ll^rket E^en) is 45 miles, oi‘ 75, kilom. The dis^ta^ce east and 
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W6st between Doncaster and Drigg, wbicb are near the centre of the 
sontbem loop of tbe figure of eight is about 27 miles, or 45 kilom. 

It may, therefore, fairly be assumed that the order of the forces 
within the district will be the same as that of those over a rectangle 
60 kilom. in length and 30 in breadth. The linear dimensions of such 
a figure are somewhat less than the extreme length and breadth of 
the district, but its area is 1*6 times greater. Let ns then superpose 
upon the plateau a rectangular mass, 60 kilom. long by 30 broad, and 
3*5 deep, the upper surface of which is, therefore, at a depth of 
0*5 kilom. or 1638 feet. 

The vertical disturbing forces due to this mass along a line passing 
over its centre and parallel to its longer edge, are as follows:— 

Distances are expressed in kilometres. 


Distance. 

Force. 

Middle.... 0 | 

76 

10 

79 

20 1 

98 

25 

123 

Edge.,.**. 80 

37 

40 

-34 

50 

- 9 

60 

- 4 


Taking the mean of the numbers at the edge and at a distance of 
5 kilom. from it as applying to the district between them, the mean of 
the positive vertical disturbances is 83. 

If this minor mass were placed on the larger one, s6 that their 
longer edges were parallel, and that the median line of the smaller 
mass was 20 Mlom. from the edge of the larger one, thus correspond¬ 
ing with the position 8 in fig. 3, p. 527, and if, lastly, the distribution 
of magnetic matter were as is shown in that figure, then the mean 
vertical disturbance along the median line of the small mass would be 
101 + 83 = 184. 

In comparing the observed and calculated values it is convenient 
to take the mean force in the negative districts as a datum; so that 
the disturbance as calculated is 95 + 184 = 279, and as observed 
‘ 80 + 236 = 316. 

This latter number is obtained by excluding the high values at 
Market Weighton, Butterwick-on-Trent, and Market Basen, but 
these can easily be imitated by placing small masses on the upper 
surface. 

A plate, 5 kilom. square and 0*25 kilom. thick, approaching the 
surface to within 0*25 kilom., or 820 feet, would increase the force by 

VOL. XLVIII. 2 0 
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40. A mass of magnetic matter in tlie sliape of a frustum of a cone^ 
of "wliicli the vertex was in the surface, and the angle between the 
generating and median lines tan”"-*- ^/2, and of which the upper plane 
surface was 450 feet from the surface of the earth, would exert 
at the vertex a vertical force 231, thus bringing the total calculated 
disturbance up to 279 + 231 = 510, as against 384 + 80 = 464, 
observed at Market Weighton. Such a cone gives a maximum effect; 
but it must be remembered that, although no magnetic rocks exist 
near the surface at Market Weighton, yet the fact that the older 
rocks approach the surface near that town led Professor Judd to 
advise its being selected as a station, and it may well be that the 
underlying magnetic masses rise steeply in its neighbourhood. 

It is a little difficult to summarise an argument of this kind, but if 
we start from the near mean negative disturbance in the valley ” as 
a datum, and distinguish the other stations as being over an under- 
, ground plateau, mountain, and peak respectively, we get the following 
results:— 


Station. 

Depth of nearest point of magnetic 
matter. 

Mean vertical disturb¬ 
ance in terms of 

0*00001 o.a.s. 


* 

Observed. 

Calculated. 

Valley.... 

No large mass of magnetic matter above 
the magnetic floor, i.e., within 20 kilom., 
or 12 miles, of the surface 

0 

0 

Plateau... 

4 kilom. — 2*5 miles ... 

140 

159 

Moantaln . 

0'5 kilom. — 1640 feet.... 

318 

279 

Peak..... 

0*137 kilom. ~ 450 feet..... 

464 

510 max. 


It is thus possible to imagine a distribution of magnetic matter at 
depths between 450 feet and 12 miles, and of no greater permeability 
than Mull basalt, the mere presence of which in the earth’s magnetic 
field would produce vertical disturbing forces of the same order as 
those actually observed. 

The maximum calculated horizontal forces are larger than any of 
those which have been measured in England or Wales. Case I 
(see Table, p. 527) has been adopted as the basis of calculation, and 
the horizontal disturbing force at the edge of the plateau is thus 227. 
Eorces of this magnitude are found in Scotland, but the largest value 
in England is 124 at Melton Mowbray. 

At the middle of the edge of the smaller mass, on the side on which 
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its horizontal attraction strengthens that due to the plateau as a 
whole, the resultant force would be about 450, a value which is sur¬ 
passed only by such stations as Ganna and Soa, which are islands in 
the West of Scotland. 

While, then, in order to account for the high verticaliforces, we 
have been obliged to make favourable assumptions as to the shape of 
the masses, as to the position of the smaller on the larger mass, and 
as to the magnetic properties of the rocks, we now find that these 
lead to possible values of the horizontal disturbing force considerably 
greater than any which have been measured. 

The most obvious explanation of the discrepancy is the assumed 
verticality of the sides of the magnetic masses. If the sides of the 
valley slope for half the height at an inclination of one in ten, as 
described above (p. 527), the largest horizontal force due to the 
plateau at any of the points for which the calculation has been made 
is 123, as against 227 when the sides are vertical. It must, however, 
be remembered that in this case the mean range of vertical forces is 
reduced from 159 to 107. It is not, therefore, convenient to assume 
that the slopes are very gradual. 

The supposition that the main mass is surrounded by magnetic 
matter of less permeability than itself reduces the horizontal forces, 
but also reduces the vertical forces below the observed values. 

An irregular outline, on the other hand, might tend to increase the 
range of the vertical force at points near the edge, while it would 
diminish the horizontal forces. 

It appears ou the whole, however, that the gentle slopes or gradual 
changes of permeability which would reduce the horizontal forces to 
the observed values, would give vertical forces about one-third too 
small. 

I do not think that this can be considered an unsatisfactory result, 
but I will defer comment upon it in order to turn to another poiut. 
So far, we have been discussing districts of widespread disturbance. 
In Scotlaud the forces are more localised, but more intense. The 
most rapid change of vertical force disturbance which has been 
measured is in the Southern Hebrides, where it varies from —736 at 
Loch Boisdale to +369 at Bernera, which is only 20 miles distant. 

Dr. Thorpe and I have proved (‘ Roy. Soc. Proc.,’ vol. 47) that a 
very intense centre of disturbance exists in this neighbourhood, and it 
is remarkable as being near the highly magnetic rocks of Mull, but, as 
its effects appear to be more far reaching than those of that island, 
it is legitimate to assume that it is produced by rocks of exceptional 
magnetic power. An equal range of force could, however, be pro¬ 
duced by the mean permeability of basalt in the west of Scotland, 
ie,, 0-00271. 

If, as before, we take the attracting mass to be the frustum of a 
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cone, of wlucli the vertex is in tlie surface, tke vertical angle is 
2 tan“i -/2, and the upper and lower faces are yQ and y kilom. from 
the surface respectively, the force exerted at the vertex is 

27r(T X 0*887 logio (y/vo) 

where <r is the density on the horizontal surface. 

If y = 20 and yQ = 0*5 kdom., this gives a vertical disturbing 
force of 1110. By thus assuming a favourable form for the rock 
mass, it is possible to account for the force by means of ordinary 
basalt, which nowhere approaches the surface nearer than a depth of 
500 metres, or about 1600 feet. 

Some diflB.culty may be felt about Ireland, over a large part of 
which the vertical force disturbance is negative. 

If this be regarded as a real upward force, it could only (on the 
hypothesis under consideration) exist in the neighbourhood of mag¬ 
netic matter, which would probably cause more vndespread positive 
disturbance than has been registered. 

I am inclined to account for this by a shift in the datum fi’om 
which the disturbances are measured. If the calculated vertical 
forces are all 0*00100 O.G-.S. unit too large in Ireland, the vertical 
disturbance would be nearly everywhere positive. An error of this 
sort would be accounted for by an error of 0*00040 O.G.S. unit in the 
horizontal force, and this again would correspond to a displacement of 
the lines of equal horizontal force through 6 miles. If, however, the 
error was due to an unfavourable combination of inaccuracies, both 
in the lines of equal dip and equal horizontal force, this displacement 
of the lines might be reduced, so that, on the whole, it is not impos¬ 
sible that the datum in Ireland may be 100 units of vertical force 
disturbance different from that in England. If this is so, and if the 
change is gradual across England, the difference between the means 
of the negative and positive vertical disturbance would be diminished, 
and the calculated would be brought into closer accord with the 
observed range of vertical forces. 

As the Malvern Hills have been so carefully studied, it seemed 
worth while to see whether the observed deflections of the needle 
towards the hills could be accounted for by their magnetic nature. 

It is, however, at once evident that the problem is beset with diffi¬ 
culties. The permeability of the range appears to be different in 
different parts, and a mean value will not give accurate results. 
The visible mass of igneous rock, supposed to be of mean perme¬ 
ability, is certainly insufficient to account for the observed effects, 
and if we attempt to base calculations on assumed underground 
extensions of the mass, they are of course founded on pure hypo¬ 
thesis. 

The easiest way of attacking the problem is to calculate the sum of 



Roeh and Regional Magnetic Duturhances. 5B3 

tlie two attractions exerted on opposite sides of the laills towards 

them. 

Observations liave been made at four stations, two (Great Malvern 
and Malvern Wells) on tbe eastern, and two (Mathon and Colwall 
Green) on the western, side of the bills. Great Malvern and Mathon 
are near the north end of tbe range, and the sum of the two attrac¬ 
tions is 0*00243 O.G.S. unit of force. Malvern Welfe and Colwall 
Green are near tbe middle of the range, and tbe sum of the attractions 
is 0*00118. It will thus be seen that at wbat would, jprimd facie, 
bave appeared tbe most favourable position tbe forces are sinaller, 
but tbe result accords with the fact that the specimens collected at 
the north end of the range contained tbe largest quantity of magnetite. 
Sections across the range bave been published by the Geological 
Survey, and from these it seems that on tbe eastern side tbe wall of 
igneous rock is nearly vertical, while on the western side it slopes 
more gradually under the sedimentary rocks, and if continued as far 
from the range as our stations (about a mile and a quarter, or 2 kilom.), 
it must be at a depth of 2000 feet, or, say, 600 metres. Assuming, 

then, that our stations were near tbe edge of the horizontal extension 
of the igneous rocks, and that tbe latter extend north and south for 
8 miles (13 kilom.), I find that tbe sum of the attractions on opposite 
sides of tbe range near its centre, and at points as distant from it as 
our stations were, is 0*00291, 0*00154, or 0*00067, according as we 
assume the mean permeability to be— 

(1) That of the three most favourable rock specimens; 

(2) That of all tbe specimens which possessed measurable perme¬ 

abilities ; 

(3) That of all the specimens obtained. 

* If these are compared with tbe observed forces, viz., 0*00243 and 
0*00118, it is seen that, while they are of the right order of magnitude, 
an exact numerical agreement could only be obtained if we supposed 
the mean permeability of the range to be somewhat greater than 
that of its surface, as judged by the specimens collected by Mr. 
Higbfield. 

Tbe results may, I think, be considered to support the view that 
tbe igneous rock extends laterally at a moderate depth from the 
surface, at least on the western side of the hills, to a distance of a 
mile or a mile and a quarter, but probably not much more, from the 
axis of the range. 

In conclusion, then, I am anxious that tbe purport of tbe calcula¬ 
tions above described should not be misunderstood. In particular, I 
do not attempt to specify the depth at which magnetic matter exists 
where none appears on tbe surface, in the east of England or else¬ 
where. But, in spite of this uncertainty about every detail, tbe 
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investigation, I tliink, supplies fcr tke first time a definite answer to 
tke. enc^oiry wkether tke mere presence in tlie earth, s magnetic field 
of concealed magnetic rooks, such as those which exist on the surface, 
would suffice to account for the observed local or regional magnetic 
disturbances in districts where the superficial deposits are non-mag- 
netic. 

The question is not answered by pointing to the large disturbances 
produced close to basic rocks, for these may be, and probably often 
are, due to permanent magnetism. But, as this is very irregularly 
distributed in the surface rocks, we cannot regard it as a probable 
cause of widespread disturbance, though locally it may produce very 
intense effects. 

It is, I think, answered in the affiLrmative by the above discussion. 

In gauging the value of the answer, it must be remembered that 
only one of the various constants involved has been at our disposal, 
and that it would not have been possible to imitate the observed 
results by assigning to it appropriate values, whatever arbitrary 
assumption had been made as to the others. 

Thus, in the simple case of a rectangular magnetic slab, the average 
vertical force produced over it in virtue of the earth's inductions, 
depends on five variables, viz., its length and breadth, the distance of 
its upper and lower horizontal surfaces from the surface of the earth, 
and its permeability. Of these, the first two have been defined by the 
observed magnitude of the areas of high vertical force. The depth 
of the lower surface has not been fixed to suit the exigencies of the 
argument, but deduced from the temperature at which iron ceases to be 
magnetic. The permeability is at most that given by experiment on 
the specimens of basic rocks from the west of Scotland. Only one dis¬ 
posable constant remained, viz., the depth of the upper surface, and by 
shifting this we can do no more than raise the average disturbing 
force to a certain maximum, which might have been much less than 
the observed disturbances. As a matter of fact, however, by choosing 
suitable depths we are able to obtain forces of exactly the right order 
of magnitude. With the constants chosen there appears to be some 
difficulty in obtaining correct relative values of the vertical and hori¬ 
zontal disturbing forces, though even here the order of their magni¬ 
tude is unaffected. This is exactly the kind of difficulty which might 
almost certainly be expected in calculations based only on more or less 
probable assumptions. It will be diminished by any change which 
increases the intensity of the calculated forces, and there are several 
possible causes which might produce such an effect. 

Thus no account has been taken of the increase in the permeability 
of magnetite with temperature. This is certainly a vera causa, and 
will tend to bring observation and calculation into closer agreement. 

Again, the high specific gravity of the earth, as compared with that 
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of the surface rocks, makes it probable that the interior is largely 
met^c, and it is possible that, even at depths less than that assigned 
to the magnetic floor, iron may exist in large qnantities with the yery 
high permeabihty it possesses at high temperatures. 

Lastly, the basic rocks of Mull giye a much smaller mean value of 
«: than those of Skye and Ardnamurohan. If the underground rocks 
were as permeable as these, all difficulty would vanish. 

On the other hand, there are some considerations which point to the 
oposite direction. Thus, Professor Judd informs me that he leans to- 
the opinion that> igneous magmas subject to the great pressures which 
obtain at coMiderable depths iron tends to form silicates rather than 
magnetic oxide. If this is so, the permeabiliiy of the surface rocks 
^y be a m^imum rather than a minimum, unless native iron exists 
in krge quantity at great depths. The effect of pressure on perme¬ 
ability IS an unknown factor, which might support or weaken the 
argument. 

Points such as these are, however, outside the scope of this paper. 
But, though it is obviously unwise to be dogmatic on a question which 
IS stiU ST^unded by difficulties, I think that the result of the present 
enquiry is much in favour of the rock-magnetism theory of regional 
magnetic disturbances. 




OBITUARY NOTICES OF FELLOWS DECEASED. 


Rudolf Julius Emmanuel Clausius was born on tbe 2nd January, 
1822, in COslin, in Pomerania. He was tbe sixth son of tbe Rev. 
0. E. G. Clausius, D.D., Councillor of tbe Royal Government Scbool 
Board, and later, Superintendent in Ueckermunde. 

After tbe completion of bis studies in tbe Gjnnnasium in Stettin, bo 
attended tbe University of Berlin from 1840 to 1844. In tbe Easter 
of 1844 be passed bis examination “ pro facultate docendi,^^ and tben 
finished bis year of probation at tbe Frederic-Werder Gymnasium. 
Here be taught tbe higher classes mathematics and physios. In tbe 
autumn of 1846 be entered Boeck’s Royal Seminary for higher 
students. On tbe 15tb July, 1848, be took bis degree in Halle 
** eximia cum laude ” (subject of dissertation—“ De iis Atmospbserae 
Particulis quibus Lumen reflectitur ”). On tbe 25tb September, 1850, 
be was invited to be Professor of Physics in tbe Royal Artillery and 
Engineering Scbool at Berlin. On tbe 18tb December be delivered 
bis inaugural lecture as dooent at tbe University of Berlin (“ De 
Motu Corporum rotantium in Acre resistente *’). On tbe 29tb August, 
1855, be was called to be Ordinary Professor in tbe Polytecbnicum in 
Zurich, and also at tbe same time in tbe University of Zurich. In 
1867 be was appointed Professor in tbe Universiiy 6f Wurzburg, and 
in 1869 be went to Bonn, where be fulfilled bis diities till tbe day of 
bis death, tbe 24tb August, 1888. 

While at Zurich be married, on tbe 13th November, 1859, Adelbeid 
Rimpam, of Brunswick. They bad six children, of whom two 
daughters and two sons are alive. His wife died in 1875, and be 
married again, in 1886, Sophie Sack, of Essen, by whom be bad one 
son. 

His brother, Herr Robert Clausius, thus writes of tbe character of 
this great man:— 

“1 bad often tbe opportunity of admiring tbe rare energy and 
clearness with which, in a small study and mtb limited means, be 
untiringly pursued bis great scientific aims. A chief cbaiucteristic 
was bis sincerity and fidelity. Every kind of exaggeration was 
opposed, to bis nature. Even as a youth ail intimate with h im learnt 
to esteem bis reliability and truthfulness. In tbe Gymnasium and in 
all circumstances of bis later life tbe grieatest confidence and trust 
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were placed in him. His judgment, which was guided by the strongest 
feeling of rectitude, was highly valued. Another important trait was 
his unbending and firm faithfulness to duty, to which he was true in 
all affairs of life up to his death. Even on his last bed of sickness he 
held an examination. He was the best and most affectionate of 
fathers, fully entering into the joys of his children. He himself 
supervised the schoolwork of his children. He was simple and 
natural in his intercourse and possessed of a rare modesty. He was 
never tired of sacrificing himself in cases of necessity, and though 
immersed in abstract studies he always kept* a warm heart for every¬ 
thing human. He was a great, noble-minded, good man, whom all 
who knew more intimately have loved and esteemed, not only on 
account of his scientific celebrity but especially on account of his 
noble, manly qualities. 

“ His burning patriotism did not permit him to stay idly at home 
during the war J870-J. He undertook the leadership of an ambulance 
corps, which he formed of Bonn students. At the great battles of 
Yionville and Gravelotte he helped to carry the wounded from the 
battle and to lessen their sufferings. Eor his services in this cam¬ 
paign he received the Ii'on Cross. A contusion in his leg which he 
received on the field of battle caused |iim great pain for many years 
and often necessitated his driving to his lectures. On the doctor’s 
advice, at the age of 56 he learnt to ride, and became an excellent 
horseman. Biding proved very beneficial to his health.” 

One Qf his sons thus vsrrites of him:— 

“ The principal trait in my father’s character was, without doubt, 
tbe splendid truthfulness of his nature. In his deeds and words he 
never oqnld tolerate anything ambiguous, and particularly as regards 
himself he cherished no self-deception. Eqr that reason he never 
suffered from the discov,ery of the motives of his actions; from thence 
sprang his thoroughly noble nature as well as his great modesty and 
the delight which h,e always felt, and was never too proud to express, 
at the recognition of his work; from thence his dislike to all smatter¬ 
ing and superficiality in which he suspected some untruthfulness. 
Another remarkable characteristic was the uncommon one of seeing 
only the best side of his neighbours. He bardly noticed their faults, 
and when he did he had not the least inclination to cheap mockery. 
The general impression which he received of people was formed from 
the more or less strong development of their good qualities and was 
little dimmed by the presence of this or that defect. His hearty, 
pleasant, always thoroughly genuine address towards everyone 
was the result of this trait. Qnly when he discovered untruthfulness 
did he take a deep aversion.” 

Clausius received the following offers of posts:— 

In 1858 to the Polytechnicon of Carlsruhe; in 1862 to tlip 
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Polyteclinicxim of Brunswick; in 1866 to Vienna; in 1868 to Municli; 
in 1871 to Straskurg; in 1883 to Gdttingen. 

He received the following orders and titles :— 

When Professor in Wurzburg he was appointed Court Councillor ; 
in 1868, as Professor in Bonn, he was appointed Privy Councillor; in 
1870 he received the Huygens Medal; in 1871 the Iron Cross; in 
1 873 the Order of the Crown, 3rd Class; in 1879 the Order of the 
Bed Eagle, 3rd Class, and the Copley Medal: in 1881 »he was named 
Officer of the Legion of Honour; in 1882 he was appointed Doctor of 
Medicine hononB causa in Wurzburg; in 1883 he received the 
Poncelet prize ; in 1884 the Order of the Prussian Crown, 2nd Class ; 
in 1885 the Bavarian Maximilian Order. Daring 1884-^5 hd was 
Rector of the University of Bonn, and for six months was Curator of 
this University: He took part in the adademic education of Prince 
William, afterwards Emperor of Germany. In 1887 he was invited 
to be one of the Curators of the Hew Imperial Physical and Technical 
Institution. In 1888, at the Investiture of the Order for Art and 
Science, he was appointed Hereditary Knight. 

He received the following honours from Legirhed Societies 

In 1857 Hon. Mem. Harlem; in 1859 Hon. Mem. of the Engineers 
of Scotland and CorteSp. Mem. Erlangen; in 1865 Corresp. Mem. of 
the Institute of Prance; in 1866 Hon. Mem. Frankfurt-am-Main, and 
Hon. Mem, Dublin and Corresp.Mem. Gottingen; in 1868 Royal Soc. 
Loud.; in 1869 Hon. Mem. Hat. Hist. Soc, Zurich ; in 1871 Elected 
Mem. Munich; in 1872 Elected Mem. Pest; in 1873 CorreSp. Mem, 
Bologna and Elected Hon. Mem. Boston; in 1875 Hon. Mem. Civil 
Engin. Lond., Elected Cdrresp. Mem. Vienna, and Mem. Brussels; in 
1876 Corresp. Mem. Berne, Society of Arts Geneva, and Hon. Mem. 
Hat. Hist. Soc. Basel; in 1877 Elected Mem. Gottingen; in 18^8 
Elected Mem. Stockholm, Elected Mem. Haples and St. Petersburg ; 
in 1879 Mem, Halle Natural Hist. Soc. and Elected Mem. Ling.; in 
1882 Corresp. Mem. Milan, Corresp. Mem. Turin, and Hon. Meni, 
Mech. Eng. Hew York; in 1883 Elected Mem. Washington, Hon. 
Mem. Erlangen, and Foundation Mem. Internat. Soc. of Electricians; 
in 1884 Corresp. MeiH. Cherbourg and Corresp. Mem. Lucca; Hon. 
Mem. Manchester, Mend. Amsterdam; in 1887 Hon. Meni. Brunswick, 
Hon. Mem. Hamburg, Ordinary Mem. Upsala; in 1888 Mem. Edin. 

In his scientific work Clausius ihtestigated the general mechanism 
of Hature rather than pai'ticular applications of the principles he 
discovered; he was constructively synthetical rather than analytical. 
It is remarkable how he was led by dini previsions, as when his 
theory of gases influenced his views on heat when his gas theory was 
yet quite imperfect; his greatest work is grouped round his insight 
into molecular structure. The other great branch of his work is 
connected with electromagnetic theory. As in the theory of heat, he 
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worked from the theory of matter to the theory of the steam engine, 
so in electromagnetism, he worked from the theory of electromagnetic 
actions to the theory of its industrial application to dynamos. 

Clausins’ first pnhlications were concerned with the action of 
atmospheric dnst on sunlight. This seems to have directed his 
thoughts to molecular physics, which was indirectly the foundation of 
his greatest work. Thermodynamics was the region he explored, and 
his exploration was guided hy his insight into molecular physics. 
.When Clausius was beginning his independent activity tbe investiga¬ 
tions of Bumford, Davy, Mayer, Joule, and Helmholtz had conclusively 
shown that heat could be produced from work, while the thermo- 
dynaihic speculations of Carnot, founded upon the assumed 
indestructibility of caloric, were receiving every day additional con¬ 
firmation. There was an obvious difficulty here of which Carnot 
himself was doubtless aware. Of this difficulty, in 1849, Sir William 
Thomson writes, that if we abandon Carnot’s fundamental axiom “ we 
meet with innumerable other difficulties insuperable without further 
investigation and an entire reconstruction of the theory of heat from 
its foundations. It is, in reality, to experiment that we must look, 
either for a verification of Carnot’s axiom and an explanation of the 
difficulty we have been considering, or for an entirely liew basis of 
the theory of heat.” 

It was at this juncture that Clausius, without waiting for additional 
experiments, read, in the Berlin Academy on the 18th February, 1850, 
his paper, Ueber die bewegende Kraft der Warme, und die Gesetze, 
welche sich daraus fxir die Warmelehre selbst ableiten lassen.” 

Carnot had assumed that a heat engine gave out the same heat at 
the lower temperature as it took in at the higher, and founded his 
theory on this assumption and upon the impossibility of perpetual 
motion. Clausius, in the first place, emphasised that the heat given 
out must be less than the heat taken in by an amount equivalent to 
the work done, that this was required by the First Law of Thermo¬ 
dynamics, the equivalence of Heat and Work. Thus modified, 
Carnot’s theorems could no longer rely for their proof on the im¬ 
possibility of perpetual motion, and it was Clausius’ great discovery 
to found Thermodynamics upon the Hew Second Law of Thermo¬ 
dynamics, ‘‘ That heat tends to flow of itself from hot to cold bodies,” 
On these foundations Clausius raised again tbe Theory of Thermo¬ 
dynamics, and thenceforward there was no serious doubt as to its 
security. Several different wa,ys of stating the Second Law of 
Thermodynamics have been advocated, and objections have been 
raised to each of them. Of these things Clerk Maxwell writes that 
Clausius “ first stated the principle of Carnot in a manner consistent 
with the true theory of heat.” Of the varieties of statement he writes : 
*‘By comparing together these statements the student will be able to 
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make Himself master of the facts wHicH tHey embody, an acquisition 
whicb will be of much greater importance to Him than any form of 
words on which a demonstration may be more or less compactly con¬ 
structed/’ 

There can be no doubt that Clausius was the first to throw a clear 
light upon the then dark and doubtful foundations of Carnot’s 
theorem. Sir William Thomson writes of this in 1851, ^‘the merit 
of first establishing the proposition upon correct principles is entirely 
due to Clausius.” 

As Professor Willard Gibbs says, ‘‘Rankin was attacking the 
problem in his own way with one of those marvellous creations of the 
imagination of which it is so difficult to estimate the precise value.” 
The question of the amount of mechanical effect to be derived from 
heat, he further says, “ was completely answered, on its theoretic side, 
in the memoir of Clausius, and the science of thermodynamics came 
into existence.” “ It might be said, at any time, since the publication 
of that memoir, that the foundations of the science were secure, its 
definitions clear, and its boundaries distinct.” To Clausius then be 
the-honour of making a science of Thermodynamics. 

Clausius’ subsequent work in this line consists essentially in work¬ 
ing out the results of the law he discovered, and in investigating its 
foundations on general dynamical principles applied to molecular 
physics. In working out the results of his law he explored in two 
directions. He applied his discovery to work out the theory of 
the steam engine, and of many known phenomena, and also to dis¬ 
cover properties of matter revealed by his analysis. This latter line 
is contiguous with his exploration of the dynamical foundations of 
the theory of heat. His analysis revealed the existence of entropy as 
a property of matter, a property for which mankind has no sense, 
such as exists for feeling temperature, and which consequently 
escapes attention, and is most difficult ^f apprehension; so difficult, 
indeed, that although fundamentally as important as temperature in 
the theory of steam engines, its existence is ignored by all except the 
very foremost amongst those who study the working of steam engines. 
Clausius has left little to be done in the theory of heat engines 
except to work out, in the lines he has laid down, the details that 
experiments may prove to be most important. Clausius applied his 
theory to investigate the laws of specific and latent heat, of saturated 
steam, of the relations of heat and electricity in conductors, in ther¬ 
mopiles, and in electrolytes, and to the laws of radiant heat. He 
showed that radiant heat was no exception to the law that heat flows 
of itself from hot to cold bodies, and so proved the futility of the 
ingenious suggestion that the death of the universe by the degrada¬ 
tion of energy might be avoided by the reconcentration of heat 
radiations by reflection from the confines of the ether. He showed 
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tliat the radiating power of black bodies in various media was pro¬ 
portional to the square of the refractive index of the medium, which 
involves a corresponding law of radiation of electromagnetic 
energy. 

In all these applications his attention was constantly directed to 
the underlying molecular motions which explained the phenomena on 
dynamical principles. It was in this connexion that he investigated 
the dynamical foundations of the Second Law of Thermodynamics and 
the molecular theory of gases and of electrolysis. 

In quite an early investigation he had been dominated by the con¬ 
ception that heat in a body can be considered as separated into two 
parts, one the kinetic energy of atoms, and the other the potential 
energy of forces between atoms. His later investigations wore 
elabora.tions of these conceptions by the application of statistical 
methods, and by mathematical analysis of the highest order. He 
showed that the heat in a body could be expressed as the product of 
two factors, one proportional to the mean kinetic energy of the atoms, 
and the other depending on the mass, velocity, and period of their 
motions. These factors may be identified with temperature and 
entropy, and so furnish a dynamical basis for the theory of heat. 
Involved in these investigations was the Theorem of the Yirial, which 
is so important in the dynamics of stationary motion. His theory is 
in accordance with much that we know, though it neglects radiation, 
and forces between molecules depending on their motions and posi¬ 
tions, which may be systematically different before and after collision. 
With the ether among the molecules it is almost impossible but that 
some such forces exist, while the success pf dynamical theories 
that neglect them seems to show that their effect cannot be very 
great. 

While Clausius was elaboi^ating these general results, he attacked 
the simpler case of the mdlecular theory of gases. That the pro¬ 
perties of gases were in some way due to the motions of their mole¬ 
cules was a hypothesis as old at least as Bernoulli, but it was 
Clausius who raised it to the rank of a theory, and he has been 
described by Clerk Maxwell as the principal founder of the science. He 
showed how Boyle’s and Dalton’s laws followed from the theory, and 
how they were approximate; he proved the existence of intra¬ 
molecular energy, and the necessity for Avcgadro’s law, and for the" 
equality of mean energy of translation; and, insisting on the necessity 
for two atoms in a molecule, hastened the advent of the change in 
atomic weights which chemists were adopting; he investigated the 
length of the mean free path of a molecule, and the rates of diffusion 
and conductivity of heat in gases. 

In connexion with the molecular theory of matter, Clausius had 
as early as 1851 investigated some of the laws of evaporation, and 
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liad sliown that the law of correspondiDg temperatures that Groshans 
modified from Dalton inyolved the law that at any giren pressure the 
latent heat of vaporisation per nnit volume of many substances was 
the same. After Van der Waals’ memorable paper on the continuity 
of the liquid and gaseous states, Clausius published an elaborate 
investigation of this subject, in which he developed the application of 
a rather complicated formula, and showed that it represented the 
experiments throughout an enormous range with wonderful accuracy. 
There is a measurable departure from the law in calculating the com¬ 
pressibility of the liquids. To facilitate the application of this 
formula, Clausius invented and calculated the values of a special 
transcendental. 

Electricity and magnetism attracted Clausius’ attention from time 
to time, at first in connexion with heat and molecular physics, and 
afterwards with reference to the theory of electrokinetic actions. In 
1858 he developed the theory that the molecules in electrolytes are 
continually interchanging atoms, and that the effect of electric force is 
to direct the interchange and not to cause it. It seems, however, 
possible that as synchronous systems near the solar system, might 
break it up, while asynchronous ones might not, so a polarisation 
of the atomic motions in a liquid might result in a proportionate 
breaking up of the molecules which before this introduced regularity 
were stable. In reply to Hittorfi’s objection that gases should obey 
Ohm’s law, Clausius answered that there were too few molecules. 
This can hardly be considered conclusive in presence of electrolytic 
conduction in very dilute aqueous solutions. His theory, however, 
explains almost all the known facts of electrolysis, and has been 
extended by others to explain many other phenomena with most 
remarkable success. He investigated electric osmosis, and hints that 
it is produced by electric forces due to charges over the surfaces of 
tlie pores in the diaphragm. He remarked that the resistance of 
pure metals is proportional to their absolute temperature. 

His electrokinetic theory, founded on a theory of action at a 
distance between electrical elements moving in conductors, led to the 
conclusion that the action between the elements must depend on 
their absolute velocity and not on their relative velocity. This prac¬ 
tically postulates a medium with reference to which the elements 
, move, and by which the actions are propagated. 

With the great development of electirodynamios as a machine for 
applying energy to do man’s work, Clausius repeated his exploration 
of the theory of the steam engine, that great machine for applying 
heat energy to do work, and investigated on broad principles ike 
theory of dynamos. Some of his work *in this direction is super¬ 
seded by the rapid development of the science and its applications, 
but his insight into the problem is evidenced by his having been one 
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of tlie first to notice hysteresis, which he describes as the forces 
resisting magnetisation being like friction. 

It is to be regretted that in his electromagnetic theory Olansins 
was led by the algebraic methods of Weber rather than by the 
geometrical insight of Faraday, or by some mechanical theory, such 
as directed his steps in thermodynamics. If his constructive genius 
had been here well directed, there might now exist a satisfactory 
theory of electromagnetic action; he might have founded the theory 
of ether as well as of gas ; he had genius enough to do it. 

Though not himself an experimentalist, he Talued and was 
eminently able to criticise and use the results of experiment. He 
had that clear grasp of natural phenomena which leads to a right 
interpretation of them, and that concrete practical conception of them 
that leads to a continual reference hack of the interpretation to expe¬ 
rimental numerical verification. He was a noble example of the 
spirit that devotes itself to directly benefiting mankind, and that 
does not waste time on petty elaborations of pretty problems. He 
was in the highest sense practical, his work is eternal, and his 
memory will liye as long as mankind reveres its benefactors. 

G. F. F. a 

Sir WiLLiAM Gull died on the 28th day of January, 1890, at 
his house in Brook Street, in fiis '74th year* His was one of the 
many distinguished names which refute the imputation of dulness 
upon the Eastern counties. He was born in tbe north-east corner 
of Essex, at one of the many villages which retain the old English 
name of Thorpe. While he was still a child his father died, and 
he was dependent for his education upon his mother’s character and 
his own exertions. While teaching in the village school, he attracted 
the attention of the late Mr. Benjamin Harrison, for many years the 
Treasurer of Guy’s Hospital, and the wise ruler of its Medical School. 
Thorpe-le-Soken lay in the midst of the Essex estates of the Hospital, 
and the Treasurer performed all the duties of a good landlord. 
Telling the friendless youth, “ If you will help yourself I will help 
you,” he brought him up to London, and gave him employment in 
transcribing Mnseum catalogues, and other clerical work in the 
Hospital counting-house. While thus employed Gull matriculated at 
the University of London in 1838, and hy the Treasurer’s influence 
was admitted to attendance on the courses of lectures at Guy’s. His 
industry and talents procured him an honourable degree in 1841. 
Dr. Quain, who graduated the year before, Sir Edmund Parkes, who 
passed in* the same year, and Sir Alfred Garrod and Dr. George 
Johnson, who followed in 1842, all became like him Fellows of this 
Society, and all, with the exception of the lamented Parkes, survive 
him, 
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’ Before lie proceeded to tEe M.I>. degree, at wWcH lie obtained tbe 
Gold Medal, be bad been appointed bj tbe Treasurer as a Super¬ 
numerary Resident Medical Officer, witb special charge of the lunatic 
patients, wbo at tbat time occupied a department of tbe Hospital. 
For about nine years be seems to bare been employed every day, and 
e^lmost all day long, in tbe medical wards, acquiring by constant and 
close observation tbat familiarity witb every variety of disease which 
afterwards stood him in such good stead- 

In 1843 be received bis first appointment in tbe Medical School, 
that of Lecturer on Natural Philosophy, and three years later wa 
transferred to tbe Chair of Physiology. 

For three years, from 1847 to 1849, be was also Professor of Phy¬ 
siology in tbe Royal Institution. 

In 1848 be married, and in 1851 be was appointed Assistant 
Physician to Guy’s Hospital. In 1858 be was promoted to be full 
Physician, and for several years lectured on medicine witb tbe late 
Dr. Owen Rees, also a Fellow of this Society, who died only a few 
months before Sir William Gnll, after an iUness of almost exactly tbe 
same nature and tbe same duration. 

Very early in bis career Dr. Gull obtained a large practice- His 
natural sagacity, bis unusually large experience, bis knowledge of 
disease and bis knowledge of mankind, all combined in bis favonr. 
His striking physiognomy, bis gravity and self-possession, bis power 
of sympathy, and the well-chosen words in which be delivered bis 
opinions fitted him to gain tbe confidence of bis patients. Bnt, 
apart from his remarkable practical skill, he showed a trae scientific 
spirit in dealing with disease. He was unwearied in patient investi¬ 
gation, sparing no time where it was needful, although be wisely 
would refuse to trouble himself or bis patient witb minute collateral 
enquiries when once the essential nature of tbe case was apparent. 
He was never satisfied witb tbe commonplace explanations which too 
often do duty for science, or tbe commonplace prescriptions which 
too often do duty for treatment. He had so thorough a knowledge of 
medicine that be would have been successful in spite of every per¬ 
sonal defect, and his skill in dealing with patients was so consum¬ 
mate tbat be would have been successful if be bad been ignorant of 
bis profession. 

In 1871 a severe attack of enteric fever from which tbe Prince of 
Wales suffered brought Dr. Gull’s name into public notice, and bis 
services were acknowledged by a Baronetcy, witb a grant of Arms. 

After bis retirement from hospital practice, Sir William^ Gull did 
not allow bis enormous consulting practice to absorb bis energies or 
bis interest. Few men have practised a lucrative profession witb less 
eagerness to grasp at its pecuniary rewards. He kept np tbe honour¬ 
able standard of generosity to poor patients which has been banded 
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down from Mead and Heberden; and, witb a liberality wbicb is less 
common, be showed no jealousy of younger men sharing in his good 
fortune. Not one, but five or six of those who* were rising in the pro¬ 
fession, owed much of their success to his help. His name was 
familiar to the public, and his practice increased beyond his power to 
overtake his engagements. It is supposed that for several years he 
made as large an income as that of Sir Astley Cooper in 1814. But 
the fortune which he left at his death was, it is well known, only in 
part the result of his professional earnings. 

Sir William Gull was independent in his relations with his patients, 
and was always glad to devolve as much of his work as he could upon 
younger colleagues. He also found time for the punctual performance 
of the public duties which his position imposed upon him. On the 
Council of this Society, on the Senate of the University of London, 
on the General Medical Council, and on that of the Association for 
the Advancement of Medicine by Eesearch, he was a constant and 
influential attendant. He went through the various offices of 
Lecturer, Councillor, Orator, and Censor in the College of Physicians, 
and was generally looked to as its next President at the time of his 
last illness. 

This was in the long vacation of 1887—^just before his return to 
Brook Street to resume his work. He was attacked with apoplexy 
while walking in his grounds in Perthshire; and, though the attack 
soon passed off, its significance was apparent, and to none more so than 
to the patient. He gave up practice and spent the next two years 
partly at Eastbourne and partly near Eeigate. Repeated returns of 
his disorder, with varying severity, were watched by him with intelli¬ 
gent interest and full appreciation of their meaning. His intellectual 
faculties were spared him to the last, and nothing became him better 
than the fortitude and clear-sightedness with which he watched the 
process of decay, the friendly relations which he kept up or renewed 
with old colleagues or pupils or rivals, and the resigned submission 
with which he awaited the end. This came in a sudden and painless 
attack on the morning of the 28th of January in the present year. A 
few days later he was buried in the churchyard of his native village, 
beside his father and mother’s grave, attended by representatives of 
his University, of the Royal Colleges of Physicians and Surgeons, of 
Guy’s Hospital, and by a crowd of colleagues, friends, and pupils. 

His striking appearance, his slow movements and deep voice, with 
his grave, thoughtful, but kind and sympathising manner, admirably 
fitted Sir William Gull to be an adviser and a helper in time of need. 
Pew physicians have so completely acquired and retained the con¬ 
fidence of their patients. 

As a hospital teacher, his method was minute and elaborate m rn 
vestigation, clear and comprehensive in diagnosis, sagacious in forer 



XI 


cast, cautious and modest in treatment. While not inferior in 
accurate physical diagnosis to those who made this the whole of 
their art, he would never follow the routine system of diagnosis 
by snccftssive exclusions, which, however useful to a junior student, 
is of very limited application at the bedside. In really obscure cases, 
where definite physical signs failed to indicate the nature, or even the 
existence of the disease, few physicians have approached the almost 
intuitive sagacity of Sir William Gull. 

He was often supposed to be entirely sceptical as to treatment; and 
this scandal, though unjust, was no doubt fostered by some too sweep¬ 
ing words of contempt for polypharmacy and unverified therapeutical 
dogmas. In reality, his treatment was extremely careful, scrupu¬ 
lous, and minute, judicious in its aim, ingenious in its devices, and 
occupied with those little matters of detail which make so much 
difference to the comfort of the patient, and the success of any plan 
of therapeutic. His use of drugs was scarcely more sparing than the 
practice of other scientific physicians. In suitable cases no one 
wielded such powerful weapons as opium, mercury, arsenic, and digi¬ 
talis w^ith more confidence and skill. He nsed iron and qninine and 
acids, and bitters and pnrgatives much as others nse them, but 
ivith a full recognition of the limited power of drugs, the natural 
limitations of acute disease, and the inevitable progress of degenera¬ 
tion and decay. 

His eminence as a clinical teacher, a lecturer, and a practitioner 
was so conspicuous, that his merits as a pathologist aud observer have 
scarcely received the credit they deserve. It is not too much to say, 
that he takes rauk among the five or six Englishmen of his generation 
who advanced medical knowledge at more than one important point. 
He never published a book, aud his papers are scattered in the volume 
of the ‘Guy’s Hospital Reports ’ and in the Transactions of Societies. 
In one of the earliest papers which he published (in conjunction 
with Dr. Addison) was given almost the first notice and the first 
complete description of the remarkable disease of the skin known as 
Xanthelasma. His papers on Intermittent Hsematuria, on the Treiat- 
ment of Rheumatic Eever, on the Treatment of Taenia, and on Fictitious 
Urticaria were all accurate aud original contributions to clinical 
knowledge. But his articles on Paraplegia in the ‘ Guy’s Reports,’ 
^and on Abscess of the Brain in ‘Reynolds’ System of Medicine,’ 
established pathological facts of primary importance. The paper 
which he published, in conjunction with Dr. Sutton, upon “ Arterio- 
capillary Fibrosis ” deals with a subject of great difficulty which is 
still, aud probably will long remain, under investigation. It un- 
"’oubtedly gave a new point of view—and a most instructive one—to 
s§indent of chronic Bright’s disease. His account of Anorexia 
Hervosa was also marked by keenness of discriminatioii and breadth 
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of view, and- it anticipated much that has since been written. The 
last important paper he published was on a Cretinoid Condition in 
Adult Women. It announced in succinct and modest fashion the 
discovery of a remarkable form of disease, up to that time quite 
unrecognised, and the accuracy of its description as well as the 
justice of its- pathological views have since been entirely confirmed. 

' -foremost among clinical physicians of his time, and eminent 
among the pathologists, remarkable for the breadth of his views, the 
liberality of his conduct, and the native force of bis character, Sir 
William Gull occupied au eminent position during his life, and has left 
a* record of work which worthily answers to his great reputation. 

P. H. P. S. 

Stephen Joseph Perry was born in London on August 26th, 1833. 
His early education was received at GifEord Hall School, from whence 
he went to the Benedictine College at Douay, and then to Rome to 
study for the priesthood. Resolving to join the Society of Jesus, he 
returned to England, and on November 14th, 1853, entered on his 
novitiate, and after two years went to France, where he stayed for a 
year, returning to Stonyhnrst to enter upon a course of mental 
philosophy and physical science. His great ability in mathematical 
studies decided his superiors in the Order to allow him to devote 
himself specially to this branch of study, with the result that he 
stood sixth on the Mathematical Honours List of London University in 
1858, during which year he attended lectures by De Morgan at 
Loudon, and by M. Bertrand and others at Paris. On his return to 
Stony hurst in 1860 he was appointed Professor of Mathematics and 
Director of the Observatory, which posts he filled for three years, 
when he went to St. Beuno^s College, North Wales, to complete his 
theological studies previous to his ordination as priest, in 1866. 

In 1868 he resumed his work at Stonyhurst as Professor and 
Director of the Observatory, and continued there until his death, only 
leaving the College to take part in scientific expeditions. 

' Previous to the appointment of Father Perry to the directorship, 
the work done at Stonyhurst Observatory had been chiefly meteoro¬ 
logical and magnetic; it was selected as a first-class meteorological 
station in 1866. 

In 1867 the astronomical department was much extended, more 
powerful instfuments were acquired, and the work undertaken very 
much increased. Spectroscopy was commenced at Stonyhnrst in 
1870, and since then has formed a large portion of the astronomical 
work, carried on there. In 1872 regular observations of the phenomena 
of Jupiter’s satellites were begun with the 8-inch Troaghton and 
Simms .Equatorial, and with one considerable break, 1875—77, Lave 
hem continued up to the present time. 
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In 1875 Father Perry instituted a regular series of drawings of the 
mai kings on the Sun from a projected image of 10^ inches diameter, 
formed on a drawing board attached to the telescope. This work 
was supplemented by spectroscopic examination and measurement of 
the chromosphere and prominences, and after 1882 by systematic 
spectroscopic observations of Sun spots. In addition to the researches 
in solar physics, in connection with which the name of Father Perry 
has become so well known, the ordinary work of an observatory has 
been roost diligently carried on at Stony hurst, the results of which 
for the most part have been recorded in the publications of the Royal 
Astronomical Society. 

It was not, however, in his work in the Observatory and College 
that Father Perry found an outlet for his untiring energy. His 
services were always at the disposal of scientific societies, and he 
took part in nearly every astronomical expedition of his t'me, an 1 
although a martyr to sea sickness, he was always ready and willing to 
undertake any voyage and undergo any hardship in the cause of the 
science he loved. 

His first important scientific work was done in 1868^ when, in con¬ 
junction with Father Sidgreaves, S.J., he made a magnetic survey of 
the West of France. With the Stonyhurst instruments complete sets 
of observations were made at fifteen stations during that year, and 
the work being continued the year following observations were obtained 
at nineteen other positions in the Kast of France, and thxis a valuable 
and reliable magnetic survey of that country was completed. In 
1871, assisted by Mr. W, Carlisle, of Sfconyhurst, Father Perry 
carried out a similar work in Belgium, where the disturbing effect of 
the coal measures was very clearly indicated in the i‘esults obtained, 
which, together with those of the survey of France, were published 
in the ‘ Philosophical Transactions of the Royal Society.*’ 

In 1870 Father Peny was appointed chief of the Solar Eclipse Ex¬ 
pedition to Cadiz, his work being principally spectroscopic; and in 
1874 he was selected by the then Astronomer Royal, Sir G. B. Airy, 
to take command of the Transit of Venus Expedition to Kerguelen 
Island. On September 20th he and his party left the Cape of Good 
Hope for Kerguelen Island in H.M.S. “ Volage,” on a journey attended 
by great difficulties and dangers, owing to the fearful weather usually 
prevailing off Kerguelen Island. Intense as must have been the 
suffering of Father Perry during the voyage, and severe the hardships 
of a nineteen weeks’ sojourn on the “ Island of Desolation,” as he 
called it, all were cheerfully borne, every personal consideration being 
sacrificed to the astronomical interests of the Expedition. The 
observations of this transit were imperfect on account of hazp, and 
the necessity of determining the exact longitude of their station pro¬ 
longed the visit of Father Perry and his companions until February 
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20th, 1875, when the supply of provisions ran short, and it was not 
deemed prudent to stay longer. The passage to Durban was very 
rough, the “Yolage” being overtaken by a cyclone and sometimes 
rolling 45°. Besides the observations of the transit, magnetic obser¬ 
vations were made at the Gape, Kerguelen, Bombay, Aden, Port Said, 
Malta, Palermo, Borne, JSTaples, Florence, and Moncalieri; and on his 
return to England Father Perry gave an account of his work in a 
lecture at the Boyal Institution. 

In 1882 he again took charge of a Transit of Yenus Expedition, 
this time being stationed in Madagascar, and accompanied by Father 
Sidgreaves and Mr. Carlisle, his former assistant in Belgium. The 
party reached their destination on October 22nd, in H.M.S. “Fawn.” 
Again the results obtained were incomplete, wind and sand-storms 
interfering with the work, but some very good observations were 
made notwithstanding these difficulties. At the eclipse of August 
29th, 1886, Father Perry accompanied the expedition to the West 
Indies, and was stationed at Carriaoou. His spectroscopic observa¬ 
tions were communicated to the Boyal Society, and published in the 
‘ Philosophical Transactions.’ 

In 1887 he was one of the observers sent by the Boyal Astronomical 
Society, at the request of Professor Bredichin, to Pogost, on the 
Yolga; but the sky was cloudy and no results were,obtained. 

Father Perry was again, in 1889, placed in command of an expedi¬ 
tion sent by the Boyal Astronomical Society, to the Isles de Salut, 
off French Cayenne, to photograph the corona during the eclipse of 
December 22nd. He and his assistant, Mr. Booney, reached Barba- 
does on November 26th, and arrived at his station on December 7th, 
after a trying voyage from Barbadoes, in H.M.S. “ Comus,” during 
which Father Perry suffered severely. Every assistance was afforded 
by the French Commander, and by the officers and crews of H.M.SS. 

“ Comus ” and “ Forward ” during the preliminary arrangements, but 
the necessary adjustments required exposure to the unhealthy night 
air, and this so told upon Father Perry, in his already weakened 
state, that on the day before the eclipse he was very ill indeed from 
dysentery; so ill that it was feared that he would be unable to take 
part in the observations of the eclipse. However, by a tremendous 
effort he overcame his pain and weakness sufficiently to successfully 
carry out all the instructions he had received, but, exhausted by this « 
'great effort, he became dangerously ill after the excitement which 
had sustained him was over, and w’as taken on board the “ Comus.” 
On December 26th he was slightly better, but, a relapse occurred and 
Father Perry died at 4.30 p.m., on December 27th, His body was 
interred in the Catholic Cemetery at Demerara, on December 28th. 

Father Perry was a very popular and able lecturer. On several 
occasions he has lectured at the Boyal Institution, the last time, a 
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few months before his death, on the work at Stomyhtirst in connexion 
with solar physics during the last ten years. He also frequently 
lectured on astronomical subjects in the large towns in the North of 
England. 

At the time of his departure from England, on the expedition 
that resulted in his death, Eather Perry was contemplating a full 
discussion of all the work carried oh at Stonyhurst, a work which 
would undoubtedly have formed a most valuable contribution to our 
knowledge of solar physics. 

Eather Perry was elected a Eellow of this Society in 1874, and 
in November, 1889, was made a member of the Council for the 
ensuing year. He became a Eellow of the Poyal Astronomical 
Society in 1869, and was also a member of the Council of that 
Society. He was a Fellow of the Royal Meteorological Society and 
the Physical Society of London, and was President of the Liverpool 
Astronomical Society at the time of his death. 

Of foreign Societies, he was a Member of the Accademia deiNuovi 
Lincei, of the Society Scientifique de Bruxelles, and of the Societe 
G^ographique d’Anvers. He has been for several years a member of 
the Committee on Solar Physics appointed by the Lords of the Com¬ 
mittee of Council on Education, and of the British Association 
Committee for qomparing and reducing Magnetic Observations. In 
1887 and 1889 Father Perry assisted at the International Congresses 
on Astronomical Photography held at Paris. In 1886 he received 
the degree of D.Sc. from the Royal University of Ireland. 

In the death of Eather Perry science has sustained a loss univer¬ 
sally felt and most deeply regretted by all labourers in that branch to 
which bis heroic self-sacrifice and never-failing enei^ have con¬ 
tributed so much. A. A. C. 

Wii/LiAM Kitchen Parker, born at his father's farm at Dogsthorpe, 
near Peterborough, June 23, 1828, died suddenly, of syncope of the 
heart, whilst visiting his second son, Professor W. Newton Parker, at 
Cardi:ff, July 3,1890. Whilst cheerfully talking of late discoveries and 
future work in his favourite biological pursuits, he ceased to breathe. 
Accustomed to outdoor life, he was a true lover of nature from the first; 
the forms, habits, and voices of birds, especially, be knew at an early 
age. Village schooling at Dogsthorpe and Werrington, and a short 
period at Peterborough Grammar School, prepared him for an 
apprenticeship, at fifteen years of age, to Mr. Woodrofie, chemist and 
druggist, at Stamford; and three years afterwards he was ap¬ 
prenticed to Mr. Costal, medical practitioner, at Market-Overton. At 
Stamford, studying botany earnestly, he collected and named more 
than fiOO species of plants. The fauna also of the fen lands attracted 
his attention—in Boi’ough Fen, Thorpe Fen, Whittlesea, Deeping, 
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and Crowland. Both when living under his father’s roof, and in his 
holidays afterwards, he kept many pet animals, and dissected what¬ 
ever he could get, including a donkey and many birds. Of the latter 
he prepared skeletons; and of these he made large drawings at 
Market-Overton, which of late years he had some thoaght of pub¬ 
lishing as an atlas of the osteology of birds. 

Withorut the advantages of a university education, and with none 
of those aids to learning afforded by the science schools of the 
present day, he owed all the knowledge which he acquired to an 
intense love of nature, prompting and developing a taste for original 
research',; ^and this, in spite of many obstacles, he assiduously culti¬ 
vated to the last. 

In December, 1844, he came to London, and entered Charing- 
Oross Hospital as a medical student. Having had an introduction to 
Dr. Todd, he was cordially received by him and encouraged to work 
in his physiological laboratory at King’s College; and for a time 
he was prosector at Dr. Todd’s lectures. He qualified as Licentiate of 
the Society of Apothecaries in 1849, and commenced to practice at 
Tachbrook Street, Pimlico. Soon aftei*wards he married Miss Elizabeth 
Jefiery. His wife’s patient calmness under all dfficulties and trials 
was a true blessing to a man of Mr. Parker’s excitable temperament 
and indij^erent health; and her unselfish life and wide-spread in- 
fiuence for .good are well known in and beyond the family circle. 
Unfortunately, he was left a widower about four months before his 
death. He. left three daughters and four sons. Of the latter, one is 
a Fellow of the Royal Society, and Professor of Zoology and Com- 
ipaiative Anatomy in the University of Otago, ITew Zealand; the 
•second is Professor of Biology in the University College at Cardit‘, 
South Wales; the third is an able draughtsman and lithographer; 
and the fourth has taken his diplomas of L.R.C.P. and M.R.O.S. 

Mr. Parker had a good fathei’, courteous and gentle by nature, 
conscientious, and earnest in business, who had worked hard to be 
able to give even his youngest son, Mr. W. K. Parker, “ a start in 
life.” From his placid and thoughtful mother he probably inherited 
much of his love of reading and readiness to learn. 

Always energetic, in spite of ill-health, Mr. Parker enthusiastically 
■carried on his medical work and his natural-history studies, especially 
in the microscopical structure of animal and vegetable tissues. 
Polyzoa and Foraminifera, collected on a visit to Bognor, and from 
among sponge-sands and Oriental sea-shells, especially engaged his 
attention. Having sorted, mounted, and drawn numbers of these 
Microzoa, he was induced, about 1866, by his friends W. Crawford 
Williamson and T. Rupert Jones to work at the Foraminifera syste¬ 
matically. His paper on the MiUoUtidee of the Indian Seas (‘ Transact. 
Microscopical Society,’ 1858), and a joint paper (with T. R. Jones) 
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on tlie Foraminifera of tlie N’orwogian Coast (‘Annals and *Ma^. 
!N'at. Hist./ 18-57) resulted; and the latter formed the basis of a memoir 
on the “ Arctic and North-Atlantic Foraminifera (‘ Phil. Trans./ 
1865). With T. Enpert Jones, and afterwards with W. B. Carpenter 
and H. B. Brady, Mr. Parker, down to 187B, described and illustrated 
many groups and species of Foraminifera, recent and fossil (see 
Sherborn’s recent* Bibliography of Foraminifera,’ for these papers and 
memoirs), thereby establishing more accurately a natural classifica¬ 
tion of these Protozoa, determining their bathymetiical conditions, 
and therefore their valne in geology. The important share which he 
took in the preparation of Dr. Carpenter’s ‘Introduction to the 
Study of the Foraminifera,’ 4to, published by the Bay Society in 
1862, is acknowledged in the preface of that handsome Yolnme. 
That he did not neglect anatomical research is shown by memoirs in 
the Proceedings and Transactions of the Linnean, Zoological, and 
Microscopical Societies on the osteology (chiefly cranial) and syste¬ 
matic position of JBaltmiGeps (I860)., J^terocles (1862), Falamedea 
(1863), Grallinaceous Birds and Tinamous (1862 and 1866), Kagn 
(1864 and 1869), Parrot (1865), Ostriches (lS6^)yMicroglossa (1865), 
Common Fowl (1869), Eel (‘Nature/ 1871), ds:ull of Frog (1871), of 
Crow (1872), Salmon, Tit, Sparrow-hawk, Thrashes, Sturgeon, Pig, 
and JSgithognathous Birds (1873), Woodpecker,and Passeres (1875). 
In the meantime the Bay Society had brought out his Yaluable 
* Monograph on the Structure and Development of the Shoulder- 
girdle and Sternum in the Vertebrata’ (1868) ; and his Presidential 
addresses to the Boyal Microscopical Society (1872,1873), and notes 
on the Archceopieryx (1864) and the fossil Bird bone? from the 
Zebbug Cave, Malta (1865 and 1862), had been published. .So-bse- 
quently the Boyal Society’s Transactions contained his abundantly 
illnstrated memoirs on the skull of the Batrachia (1878 and 1880), 
of the TJrodelous Amphibia (1877), the Common Snake (1878), 
Sturgeon (1882), Lepidosteus (1882), Edentata (1886), Insedtivora 
(1886), and his elaborate memoir on the development of the wing of 
the Common Fowl (1888). In the ‘ Beports of the “Challenger ” ’ is 
his memoir on the Gi'een Turtle (1880). Those on the Cypselid^e 
(‘Zoologist,’ 1889), on Tardies (Dundee, 1889), the Duck and the 
Auk (Dublin, 1890), Gallinaceous Birds (for the Linnean Society), 
and the Hoatzin {Ojgisthocomus cristatus) for the Zoological Society, 
are his last works. 

In former times a skull was regarded as little more than a dry, 
symmetrical, bony structure; or, if it were the cartilaginous brain- 
case of a shark, it was to most a mere dried museum specimen. 
When, however, the gradations of the elements of the skull, from 
embryonic beginnings, were traced until their mutual relations and 
their homologues in other Vertebrates were established, light was 
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ttoowu on the wonderful completeness of organic uniformity and 
singleness of design. How such studies can be carried on both by 
minute dissection and the modern art of parallel slicing, and not by 
one method alone, is to be gathered from his teaching. 

Asa draughtsman, Mr. Parker particularly excelled, and the value 
of his numerous memoirs was greatly enhanced by the excellence of 
the plates, the figures in which were drawn by himself. The article 
on the Anatomy* of Birds in the ‘ Encyclopaedia Britannica ^ also 
bears evidence to his industry and knowledge. 

No man can have worked harder at science, in the intervals of 
professional duties, than he did, and it is scarcely surprising that the 
short intervals which he allowed himself for rest affected his health 
and compelled him to limit his practice. Like a true naturalist, 
however, he allowed his love of science to triumph over any desire 
for worldly gain, and it was well known to his friends that some of 
his best scientific work was accomplished during actual physical 
suffering, furnishing him, as he would say, with a pleasant distrac¬ 
tion from his ailments. 

In 1864 he was elected into the Zoological Society without the 
usual fees; and soon afterwards the Linnean Society paid him the 
same,high compliment. 

Mr. Parker was elected a Fellow of the Eoyal Society in 1865, and 
in the year following he received a Eoyal Medal for his comprehen¬ 
sive, exact, and useful researches in the developmental osteology, or 
embryonal morphology, of Yertebraies. Some few years afterwards 
the Eoyal Society made him an annual grant to aid in the prosecution 
of his studies; and, when that was discontinned, a pension from the 
Crown was graciously and appropriately awarded to him. A 
geneious friend, belonging to a well-known Wesleyan family, more 
than once presented £100 towards the cost of some of the numerous 
plates illustrating his grand memoirs in the ‘ Philosophical Transac¬ 
tions.^ He was elected Fellow of Eing\s College, London, in 18?5. 
In 1873 he had received the diploma as Member of tbe Eoyal College 
of Surgeons, and was appointed Hunterian Professor of Com¬ 
parative Anatomy and Physiology, Professor Flower being invalided 
for a time; and aferwards both held the Professorship conjointly. 
His earnestness and wide views were well appreciated, opening up the 
modern aspect of comparative anatomy, and showing that both in 
Man and the Lower Yerfcebrates the wonderful structural develop- 
meni of their bony framework should be studied in a strictlv 
morphological rather than a teleological method, and that its stages 
and resnltant forms could be regarded only in the Darwinian aspect. 

These lectures, given in abstract in the medical journals, b^ame 
the basis of his ‘Morphology of the Skull,^ in editing which Mr. G. 
T. Bafetany ably assisted him; and in a less scientific hook, ‘On 





Mammalia:!! Descent/ another friend (Miss Arabella Buckley, now 
Mrs. Fisher) similarly helped him. In the latter work, his own 
usual style frequently predominates, full of metaphor and quaint 
allusions, originating in his imaginative and indeed poetic mind, 
fully impregnated with ideas and expressions frequent in his favourite 
and much-read books—Shakespeare, Bacon, Milton, some of the old 
divines, and, above all, the old English Bible. 

Separating himself from the trammels of foregone conclusions, and 
from the formulated, but imperfect, misleading conceptions of some 
of his predecessors in biology, whom he left for the teaching of Rathke, 
Gegenbaur, and Huxley, Professor W. K. Parker earnestly inculcated 
the necessity of single-sighted research, and the following up of any 
unbiassed elucidations, to whatever natural conclusion they may lead. 
Simple and firm in Christian faith, resolute in scientific research, he 
felt free from dread of any real collision between science and religion. 
He insisted that our proper work is not that of straining our too 
feeble faculties at system-building, but humble and patient attention 
to what nature herself teaches, comparing actual things with actual ’’ 
(*Proc. ZooL Soc.,' 1864) ; and in his ^‘Shoulder-girdle, &c.,” p. 2, 
he writes : “ Then, in the times to come, when we have ‘ prepared 
our work without, and made it fit for ourselves in the field,’ we shall 
be able to build a ‘ system of anatomy ’ which shall truly represent 
Hature, and not be a mere reflection of the mind of some one of 
her talented observers.” 

Again, at p. 225, in illustration of some results of his work, he 
says :—“ The first instance I have given of the Shoulder-girdle (in 
the Skate) may be compared to a clay model in its first stage, or to 
the heavy oaken furniture of our forefathers, that * stood ponderous 
and fixed by its own massy weight,’ As we ascend the Vertebrate 
scale, the mass becomes more elegant, more subdivided, and more 
metamorphosed, until, in the Bird class and among the Mammals, 
these parts form the framework of limbs than which nothing can be 
imagined more agile or more apt. So also, as it regards the sternum j 
at first a mere outcropping of the feebly developed costal arches in 
the Amphibia, it becomes the key-stone of perfect arches in 
the true Reptile; then the fulcrum of the exquisitely constructed 
organs of flight in the Bird; and, lastly, forms the mobile front-wall 
of the heaving chest of the highest Vertebrate.” 

Professor VT. H. Parker was a Fellow of the Royal, Ximnean, 
Zoological, and Royal Microscopical Societies; Fellow of King’s 
College, London; Honorary Member of the Philosophical Society of 
Cambridge, and the Medical and Chirurgical Society. He was also a 
Member of the Imperial Society of Naturalists of Moscow, and Corre¬ 
sponding Member of the Imperial Geological Institute of Vienna, 
and the Academy of Natural Sciences of Philadelphia. In 1885 he 
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received from tlie Royal College of Physicians the Bayly Medal, 
“ Ob physiologiam feliciter excnltam.’* 

In conversations shortly before his death, he often spoke of looking 
forward throughout his life-time (alas ! how quickly shortened 1) to 
continued application of all the energy he could devote to his useful 
work—at once a consolation to him and a duty. 

He has well expressed his own view on biological pursuits, at 
p. 363 of the ‘Morphology of the Skull“ The study of animal 
morphology leads to continually grander and more reverent views of 
creation and of a Creator. Each fresh advance shows us further 
fields for conquest, and at the same time deepens the conviction that, 
while results and secondary operations may be discovered by human 
intelligence, ‘ no man can find out the woi'k that God maketh from 
the beginning to the end.’ We live as in a twilight of knowledge, 
charged with revelations of order and beauty; we steadfastly look 
for a perfect light, which shall reveal perfect order and beauty.” 

An unworldly seeker after truth, and loved by all who knew him 
for his uprightness, modesty, unselfishness, and generosity to fellow- 
workers, always helping young inquirers with specimens and infor¬ 
mation, he is lost to sight as a friend and father, but lives in the 
minds of his fellow-workers, of those whom he so freely taught, and of 
his bereaved relatives, as a great and good man, whose beneficent in¬ 
fluence will ever be felt in a wide-spreading and advancing science 
by thoughtful and appreciative men. 

T. R. J. and J". E. H. 

Robert William Milne, who died in July, 1890, aged 74, was for 
thirty years a Eellow of the Royal Society, to which also his father 
and his grandfather belonged. He was descended from a family 
eminent for several generations in architecture and engineering, his 
grandfather, Robert Mylne, E.R.S., and his father, William Chadwell 
Mylne, F.R.S., both having been engineers of eminence, and both 
attached to the New River Company. 

Robert William Mylne was closely associated with his father in the 
active management of the New River Company. He was also for 
some years engineer to the Limerick Water Company, and was fre¬ 
quently consulted upon wells and water-supply both by the Govern¬ 
ment and private companies, and at one peiuod of his life often gave 
scientific evidence on Water Bills before the House of Commons. He 
obtained a good water-supply for one of the sunk forts in the sea off 
Portsmouth, and was employed on the well at Tilbury and other 
fortifications. 

In the department of geology he was, perhaps, best known, and 
his geological map of London and the neighbourhood, a work of 
immense labour and expense, was long a standard authority amongst 
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scientific men. He also prepared many other maps, which are less 
widely known. 

He always devoted much time to the study of archaeology and anti¬ 
quarian matters, and was preparing an elaborate work on the archi¬ 
tectural antiquities of Eastern Scotland at the time of his death. 
He was thirty years a Governor of Bridewell and Bethlehem Hospitals, 
He was also a Fellow of the Society of Antiquaries of London, and 
of Scotland, a Fellow of the Geological Society of England, and also 
of France, and a Member of the Smeatonian Society of Civil Engi¬ 
neers. He was also indirectly connected with the water works at 
Frankfort and Buda Pesth, and the Canal du Midi, in Southern 
France. 

W. B. T) 
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ERRATA. 
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